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within the technique of spot test analysis. 
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DETERMINATION OF AMINES AND ALKYL PHOSPHATES IN 
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ne solutions containing uranium and sulphuric acid are described. Amine and alkyl phosphoric 
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lication of the method would be its use for plutonium accounting analyses in a chemical plant 
essing natural uranium fuel elements, an important feature being the near elimination of 
effect of plant sampling errors. An outline is also given of a similar procedure which might 
sed for the determination of 2%5U in a plant processing enriched uranium—aluminium alloy 
or fuel. 


R. K. WesstTerR, D. F. DANCE AND L. J. SLEE, Anal. Chim. Acta, 24 (1961) 509-525 


RADIOCHEMICAL SEPARATION OF COBALT 
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the determination of the calorific value of organic matter in the calorimetric bomb is modified 
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DETERMINATION OF FORMIC ACID BY CATALYTIC OXIDATION WITH CERIUM(IV) 


1 method is proposed for the determination of formic acid by oxidation with cerium(IV) in pres- 
nce of potassium bromide. The method can also be used for the further oxidation of organic 
mpounds which yield formic acid under ordinary conditions with cerium(IV). 


N. K. Matuor, S. P. Rao anv D. R. Coowpuary, Anal. Chim. Acta, 24 (1961) 533-535 


A NEW RAPID SEMIMICRO TITRIMETRIC DETERMINATION OF MERCURY 


Mercury (II) (0.5 to 5 mg) can be determined accurately by titration with potassium iodide 
tion in presence of potassium periodate and carbon tetrachloride as indicator. The simple 
tapid method is applicable to many mercurial compounds and preparations; interferences 
e few. 

K. C. Sear, Anal. Chim. Acta, 24 (1961) 536-540 


HYDRAZINE AS A TITRIMETRIC REAGENT IN IODOMETRY. I 


€ preparation, standardisation and stability of hydrazine solution is described. The optimum 
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ed. The advantages of hydrazine over other iodometric reagents are discussed. 
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REDOX INDICATORS IN INDIRECT TITRATIONS OF ANIONS 
DETERMINATION OF PHOSPHATE IONS BY MEANS OF LEAD NITRATE 


An indirect titration of phosphate with lead(II) nitrate solution is proposed; excess of lead is 
titrated with potassium ferrocyanide in presence of variamine blue as redox indicator. 


Z. GREGOROWICcz, D. MazoNskKa anp D. PRAJSNAR, Anal. Chim. Acta, 24 (1961) 546-547 


CHELATES OF 4-HYDROXYBENZOTHIAZOLE WITH THE RARE EARTHS 


sie rare earth chelates of 4-hydroxybenzothiazole have been prepared and analyzed by a titri- 
metric method as well as a microgravimetric method. The infrared spectra of these chelates 
have been determined. 


P.-K. FENG AND Q. FERNANDO, Anal. Chim. Acta, 24 (1961) 548-554 


COLORIMETRIC MICRODETERMINATION OF BORON IN AQUEOUS MEDIA, WITH 
REAGENTS CONTAINING AZO OR IMINE GROUPS, DERIVATIVES OF THE ACIDS 
H AND K 


(in French) 


For the colorimetric microdetermination of boron, 19 dye-stuffs containing imine or azo groups 
have been examined; only 6 of these were usable and much the best was azomethine-H. This 
Teagent can be used in aqueous media. 

R. CapELLe, Anal. Chim. Acta, 24 (1961) 555-572 


FLAME-PHOTOMETRIC DETERMINATION OF LITHIUM IN SILICATE MINERALS 
(ZINNWALDITCONCENTRATES) 


(in German) 


e flame-photometric determination of lithium in Zinnwaldit-concentrates was carried out after 
removal of the interfering elements (Fe, Al, Mn, Ca, K, Na, etc.) either by means of cation and anion- 
exchange resins or by means of CdO or basic lead carbonate. Flame photometry alone resulted in 


to 8%, too high lithium values. 
J. Liesic anp H. Brepenorst, Anal. Chim. Acta, 24 (1961) 573-575 
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THE REACTION OF SCHOENBERG’S REAGENT WITH ELEMENTAL SULFUR 


The infrared absorption spectrum of SCHOENBERG’S reagent, (CH3s0CsHs5)2C=NCH2CsH; has been 


obtained in the 650-5000 cm-1 region. Assignments have been made for all observed bands using 
group frequency methods. 


W. C. NEELY AND H. B. WILLIAMS, Anal. Chim. Acta, 24 (1961) 575-578 


ON THE USE OF BIS-CYCLOHEXANONE-OXALYLDIHYDRAZONE AND BIS- 
ACETALDEHYDE-OXALYLDIHYDRAZONE IN THE ANALYSIS OF COPPER 


The reagents bis-cyclohexanone-oxalyldihydrazone (reagent 1) and bis-acetaldehyde-oxalyldihy- 
drazone (reagent 2) and their complexes with copper were examined by spectrophotometry and 
polarography. The investigations indicated that in solution reagent I existed in three tautomeric 
forms depending of the px of the solvent. The decomposition of these forms was studied and 
decomposition schemes are suggested. In the PH range employed for spectrophotometric de- 
termination of copper (7-10), solutions of reagent 1 and the copper(II)—reagent 1 complex were 
found to be very unstable owing to the decomposition of the ligand. Solutions of reagent 2 and 
its complexes with copper were found to be much more stable. The investigations further indicated 
that both reagents form copper(II) complexes with ligand—metal ratios 2:1. In addition a colour- 
less copper(I)—reagent 2 complex with two ligands was found polarographically. The existence 
of a similar complex between copper(I) and reagent 1 is probable. 


E. Jacossen, F. J. LancMyuR anp A. R. SELMER-OLSEN, Anal. Chim. Acta, 24 (1961) 579-588 


DETERMINATION OF STABILITY CONSTANTS 
(Short communication) 


G. CurtTHoys AnD D. A. J. Swinkers, Anal. Chim. Acta 24 (1961) 589 


ELIMINATION OF ALUMINIUM INTERFERENCE IN COLORIMETRIC 
DETERMINATION OF FLUORIDE IN WATER 


(Short communication ) 


M. C. MorEiRA DE ALMEIDA AND C. PuLipo, Anal. Chim. Acta, 24 (1961) 590 
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DETECTION OF.SELENIUM IN ORGANIC SPOT TEST ANALYSIS* 
BRITZSEEIGIE 
Laboratorio da Produg&o Mineral, Ministério da Agricultura, Rio de Janeiro (Brazil) 
(Received December 6th, 1960) 


Studies of the reactions of organic selenium compounds revealed the need for a re- 
liable test for selenium which if possible should be rapid and suitable for use on a 
micro scale. No such procedure could be found in the literature and accordingly a 
study was organized in which organic compounds of selenium were subjected to 
reductive or oxidative cleavage by the wet or dry method with the hope of arriving 
at inorganic selenium compounds which are suitable for the methods of inorganic 
spot test analysis. 

In case of a reduction to the gaseous hydrogen selenide, it seemed likely that re- 
action of this product with sulfurous acid or iodine to yield elemental selenium could 
be utilized for the purpose at hand. However, it turned out that the desired reduction 
by warming organic selenium compounds in acid or alkaline milieu with Devarda 
alloy, zinc, or Raney nickel did not proceed. Although indications of a reaction leading 
to elemental selenium or hydrogen selenide were observed with Raney nickel, the 
conditions could not be discovered for a reliable test for selenium. Attempts to 
produce hydrogen selenide by sintering with sodium formate, through the reaction 
2 NaCOOH = (COONa)2 + 2 H° which yields hydrogen at 250° were completely 
unsatisfactory. This finding was remarkable in that only reduction to elemental 
selenium was obtained whereas organic sulfur compounds of all kinds yield hydrogen 
sulfide when sintered with sodium formate. A rapid spot test for organically bound 
sulfur is based on this fact?. 

The efforts to arrive at oxygenated selenium compounds through oxidation by the 
dry or wet methods were more successful. Such products react rapidly with hydrazine 
in acidic surroundings and on warming to give red elemental selenium: 


SeOs-? + NH2NHz + 2 Ht + Se° + Nz + 3 H20 


Sintering with potassium permanganate has been recommended for the quantitative 
determination of oxyacid-forming nonmetals in organic compounds? and this pro- 
cedure does yield alkali selenite or selenate when applied to selenium-bearing organic 
‘compounds. The sintering can be accomplished with tiny amounts in a micro test 
tube. The cold residue is heated with 1 or 2 drops of concentrated hydrochloric acid 
until a clear solution results. When the latter is treated with some solid hydrazine 
sulfate or chloride, red elemental selenium precipitates. The limits of identification 
are at quantities of materials which correspond to a content of 10-20 wg selenium. 

Another kind of oxidative decomposition (in the wet way) is to warm the sample 


* Translated by RaLpu E. Oxrsper, University of Cincinnati. 
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with potassium persulfate and sulfuric acid in the presence of a little silver nitrat 
as catalyst3. The identification limits were satisfactory but certain selenium com 
pounds proved to be very resistant to this treatment and so required several repetition: 
of the wet oxidation by persulfuric acid. Another disadvantage of this oxidation i 
that it is not likely to accomplish the objective because the catalytic action of th 
silver ions is incapacitated by the formation of silver halide in the case of organi 
compounds containing halogens. 

Much better and completely reliable results are achieved by means of wet oxidatior 
with perchloric acid, which was studied in extenso by SmirH4 and recommended for 
the decomposition of organic materials. Perchloric acid, which is not an oxidant ir 
aqueous solution, forms an azeotropic mixture (72.5% HClO.) with water. The mix 
ture boils at 170°. At this temperature, perchloric acid is a remarkably powerful anc 
rapid oxidant and is highly suitable for liberating the metals in organo-metallic 
compounds. As shown by SMITH, organic-bound sulfur and phosphorus are convertec 
into sulfuric or phosphoric acid. Our studies have shown that warming arsenic- 01 
selenium-bearing organic compounds with perchloric acid rapidly produces arsenic 
or selenic acid. Since perchloric acid does not react with hydrazine in aqueous solution 
a combination of the oxidative decomposition with perchloric acid and the redo 
reaction of the resulting selenic acid with hydrazine can lead to a specific test for 
organically bound selenium. The heating with perchloric acid is without danger. 
explosive decompositions were never encountered in more EEE too trials. The tes: 
can be accomplished in around Io min. 


PROCEDURE 


A small quantity of the test material or the evaporation residue from 1 drop of it 
solution in water, alkali hydroxide, alcohol, etc. is placed in a micro test tube anc 
then 1 drop of concentrated (70-72%) perchloric acid is introduced. The mixture 
is gradually heated to 205° in a glycerol bath. After about 3 min at this temperature: 
the contents of the test tube are cooled, a drop of a saturated hydrazine sulfate 
solution is added, and the mixture warmed in a boiling water bath. Depending or 
the quantity of selenium present, a red precipitate or a pink coloration appears. 
A positive response was obtained with: 
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NOz 
6 wg Phenyl(m-nitrophenyl)selenide 5 ug Benzyl(2-nitro-4-chloropheny]l)diselenid! 
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5 Hg Benzyl(2-nitro-4-methylpheny]l) diselenide 5 ug 2-Nitro-4-methylbenzeneseleninic acid 
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5 pg bis-(2-Naphthyl)selenide 


[his success in the qualitative detection of selenium in organic materials leads to 
the expectation that the oxidative decomposition with perchloric acid may likewise 
de of value in the quantitative determination of selenium in organic materials. 
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SUMMARY 


Pest i is described for the detection of selenium in organic compounds. It is based on the oxidative 
lecomposition with hot concentrated perchloric acid to yield selenic acid, which reacts with 
ydrazine to give red elemental selenium. Microchemical limits of identification are reached 
vithin the technique of spot test analysis. 


RESUME 


Jne réaction a la touche est proposée pour l’identification du sélénium dans des composés orga- 
liques. La substance 4 analyser est attaquée par l’acide perchlorique; l’acide sélénique formé 
eut alors réagir avec l’hydrazine pour donner du sélénium élémentaire rouge. 
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ZUSAMMENFASSUNG 


Zum Nachweis von Selen (Tiipfelprobe) in organischen Substanzen wird die Substanz mit Pe. 
chlorsaure zerstért und das Selen nach Reduktion mit Hydrazin durch seine rote Farbe naar 


gewlesen. 
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DETERMINATION OF AMINES AND ALKYL PHOSPHATES IN 
KEROSENE SOLUTIONS CONTAINING URANIUM AND 
SULPHURIC ACID 


ALLAN W. ASHBROOK 
Research and Development Division, Eldorado Mining and Refining Ltd., Ottawa, Ont. (Canada 


(Received September 20th, 1960) 


INTRODUCTION 


Mixtures of alkyl phosphoric acids and amines in kerosene solution have been us§ 
for the extraction of uranium and vanadium from leach solutions!. Experiments hai 
been carried out in this laboratory on the extraction of uranium from leach solutios 
by tertiary amine-alkyl phosphoric acid-tributyl phosphate mixtures in kerose# 
solution. Methods for the determination of these constituents were required for 
complete study of the extraction. A search of the available literature failed to disclod 
any suitable methods. 


EXPERIMENTAL 
Determination of amine 


Determinations of amine in kerosene solutions containing uranium and sulphuil 
acid have been carried out in this laboratory for several years. Uranium and sulphua 
acid are removed by shaking the kerosene solution with calcium hydroxide. Sulphua 
acid is precipitated as calcium sulphate and uranium is adsorbed on the calciv 
hydroxide. The solids are removed by filtration, and amine is determined on tf 
filtrate by titration, in chloroform solution, with a non-aqueous solution of hydr¥ 
chloric acid. Thymol blue is used as the indicator. t 

Application of this method to the determination of amine in the presence of alk 
phosphoric acids gave high results. The alkyl phosphoric acid caused a turbidity’ 


the filtrate which could not readily be removed. This turbidity gave an alkaline re 2 
‘+ 
| 
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tion, causing high amine results. The use of calcium acetate in place of the calcium 
hydroxide overcame this problem, and also removed sulphuric acid as insoluble cal- 
cium sulphate. Uranium, however, was not completely removed. 

Extraction of uranium can readily be achieved by shaking the kerosene solution 
with a 20% v/v solution of sulphuric acid before shaking with calcium acetate. 
After removal of uranium and sulphuric acid, the amine is titrated in chloroform 
solution, with a dioxan solution of perchloric acid, using thymol blue as the indicator. 


Tributyl phosphate does not interfere. The reactions occurring are shown in the follow- 
ing equations: 


(RsN)2.H2SO4 + (CHsCOO)2Ca = CaSOu + 2 R3N.CHsCOOH 
R3N.CH3COOH + HClO4 = RsN. HClO, + CHsCOOH 


Determination of alkyl phosphoric acid 


A mixture of an amine and an.alkyl phosphoric acid in chloroform solution behaves 
as a solution of a dipolar molecule. Consequently, titration of this solution with a 
strong acid determines the amine, and titration of the same solution with a strong 
base determines the alkyl phosphoric acid. An excellent indicator for these titrations 
is thymol blue, having two colour changes, red to yellow at PH 1.7, and yellow to 
blue at px 8.9. In the absence of any other acids or bases, this provides a rapid and 
accurate method for the determination of amine and alkyl phosphoric acid. 
Sulphuric acid, if present, must be removed before the alkyl phosphate can be 
letermined. Calcium acetate cannot be used, as it removes some of the alkyl phos- 
:.. giving low results. The problem was overcome by using sodium methoxide, to 
precipitate the sulphuric acid as sodium sulphate, which is insoluble in chloroform 
solution. 

_ When a sodium methoxide solution is added to a chloroform solution containing 
sulphuric acid, amine and an alkyl phosphoric acid, the following reactions occur: 


(RaN)2.HsSO4 + 2 CHs3ONa = 2 RsN + NazSO, + 2 CH;0H 
HsRPO, + 2 CHsONa = NazRPO, + 2 CH;OH 
HR2PO, + CH30Na = NaR2PO, + CH;0H 
: H2SO4 + 2 CHsONa = Na2SOa} + 2 CH30H 


. thymol blue is used as the indicator, excess of sodium methoxide is indicated 
Dy a colour change of yellow to blue. The excess sodium methoxide can then be 
yack-titrated with perchloric acid to a blue to yellow end-point. At this point sulphuric 
icid has been removed from solution as the neutral sodium sulphate which does not 
nterfere in the subsequent titrations. Amine is present in solution as the free amine, 
r d the alkyl phosphoric acid as the sodium salt. When titration with perchloric acid 
‘continued to a yellow to red end-point, both amine and alkyl phosphoric acid are 


rated according to the equations: 


R3N + HClOg = RsN.HC1O4 
NagRPO, + 2 HClO4g = HeRPO, + 2 NaClOa 
NaRePOs + HClO, = HR2ePOs + NaClOg 
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The difference between the volume of perchloric acid used to titrate the amine p) 
alkyl phosphoric acid, and the amine alone, is equivalent to the amount of alkyl pha 


phoric acid. 
Concentrations of amine and alkyl phosphoric acid are expressed in molarity, , 


order to simplify the calculations. 


Determination of tributyl phosphate 

Tributyl phosphate is determined from the difference between the total amount 
phosphorus in the solution and that due to the alkyl phosphoric acid. The met 
used for the determination of total phosphorus has been used successfully in ti 
laboratory for several years. 


Determination of amine and phosphoric acids 

Reagents 
Thymol blue solution, 0.5% w/v in ethyl alcohol. Calcium acetate and chlorofon 
analytical-reagent grades. Sodium methoxide solution, approx. 0.1 N. Dissolve 2. | 
of sodium metal in 1 1 of methyl alcohol. Perchloric acid solution, 0.1 N. Dilute 8.4 
of perchloric acid (70%) to 1 1 with dioxan. Standardise by any convenient meth: 


Procedure 

Transfer about 30 ml of sample to a 125-ml separating funnel, and add about 20 
of 20% v/v sulphuric acid. Shake for 1 min, allow the phases to separate, and discs 
the aqueous phase. Repeat this extraction twice. Filter the organic phase throug 
double coarse filter paper. Add to a 5-ml aliquot of the filtrate, in chloroform soluti 
a few drops of thymol blue solution, and sodium methoxide solution until the solut 
colour changes to a deep blue. Add perchloric acid solution to a blue to yellow e2 
point. Titrate from this point with the perchloric acid solution to a yellow to pu 
end-point (Titre A). 

To the remainder of the uranium-free filtrate add about 5 g of calcium acetate é 
shake for 1 min. Filter through a coarse filter paper. Titrate a 5-ml aliquot of 
filtrate, in chloroform solution, with the perchloric acid solution to a yellow to pur 
end-point, using thymol blue indicator (Titre B). | 


B X normality of HC1O4 


Amine molarity = 
5 


(A — B) & normality of HClO, 


Alkyl phosphoric acid molarity = 
5 Fs 


Determination of tributyl phosphate 


Place 1 g of magnesium oxide in a small porcelain crucible, and tap to consolidd 
Pipette 2 ml of the sample onto the magnesium oxide, and place another 1 
magnesium oxide on top of the sample. Tap to consolidate. Heat the crucible ove 
burner until the organic vapours ignite. Remove from the burner and allow to b 
until the flame is extinguished. Heat the crucible over a burner until all the car 
has been burned off. Cool and transfer the magnesium oxide to a beaker contai 
a few ml of water. Add 5 ml of perchloric acid to the crucible, and 3 ml to the be | 


Anal. Chim, Acta, 24 (1961) 504- 


ANALYSIS OF KEROSENE SOLUTIONS 597 


Heat the crucible until strong fumes are evolved, transfer the contents to the beaker 
and rinse the crucible into the beaker with the water. Heat the beaker to dissolve the 
magnesium oxide. The phosphorus may be determined by any suitable method. In 
this laboratory, a molybdovanadophosphoric acid colorimetric method is used. 


TBP molarity = g/l total P — g/l P from alkyl phosphoric acid 
31 


RESULTS 


In these experiments, the amine used was a trifatty amine; the alkyl phosphoric acids 
used were monoheptadecyl phosphoric and di-2-ethyl-hexyl phosphoric acids. These 
reagents were only of technical grade, and it was found necessary to determine the 
apparent molecular weights of each, in order to make up solutions of known molarity. 
Since very accurate molecular weights were not necessary, they were determined by 
titrating weighed amounts of the amine and alkyl phosphoric acids with standard 
solutions of perchloric acid and sodium methoxide respectively. Thymol blue was 
used as the indicator. Molecular weights are given in Table I. The tributyl phosphate 
‘was pure, and the molecular weight used was the theoretical one. 


TABLE I 


MOLECULAR WEIGHTS OF AMINE AND ALKYL PHOSPHORIC ACIDS 


Calc. mol. wt. Apparent mol. wt. 


| TOP.A. — 450 

| M.H.D.P.A. 330 449 

| D.E.H.P.A. 322 316 
TABLE II 


DETERMINATION OF AMINE, ALKYL PHOSPHORIC ACIDS AND TRIBUTYL PHOSPHATE MIXTURES IN 
KEROSENE SOLUTION* 


Amine MHDPA ANS Ze 
molarity found molarity found : molarity found 
0.102 0.200 0.106 
O.1OL 0.202 0.107 
0.103 0.203 0.109 
0.100 0.199 0.109 
0.103 0.203 0.104 


Molarities added: Amine 0.102, MHDPA 0.202, TBP 0.108 


Amine DEHPA TBP 
molarity found molarity found molarity found 
0.196 0.100 0.099 
0.198 0.099 0.099 
0.199 0.103 0.098 
0.196 0.102 0.100 
0.200 0.102 0.099 


Molarities added: Amine 0.198, DEHPA 0.101, TBP 0.100 


* Containing uranium and sulphuric acid. 
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Kerosene solutions containing known amounts of amine, alkyl phosphoric acid and 
tributyl phosphate were shaken with a dilute sulphuric acid solution containing 
uranium. Uranium and sulphuric acid were extracted from the aqueous into the 
organic phase. After separation of the two phases, the amine, alkyl phosphoric acic 
and tributyl phosphate were determined by the methods described. Results are giver 
in Table II. 


SUMMARY 


Methods for the determination of amines, alkyl phosphoric acids and tributyl phosphate in kero; 
sene solutions containing uranium and sulphuric acid are described. Amine and alkyl phosphori' 
acid are determined volumetrically, after removal of interferences, by titration in chloroform 
solution with a dioxan solution of perchloric acid. Tributyl phosphate is determined by difference 
between the total phosphorus and the phosphorus from the acid alkyl phosphoric acid. 


RESUME 


L’auteur décrit une méthode pour le dosage d’amines, d’acides alcoylphosphoriques et de tributyl’ 
phosphate dans des solutions de kéroséne, renfermant de l’uranium et de lacide sulfurique: 
L’amine et l’acide alcoylphosphorique sont dosés volumétriquement par l’acide perchlorique, er 
solution dans le dioxane. Quant au tributylphosphate, il est déterminé par différence entre lV 
phosphore total et le phosphore de l’acide alcoylphosphorique. 


ZUSAMMENFASSUNG 


Es wird eine Methode beschrieben zur Bestimmung von Aminen, Alkylphosphorsduren und Tri 
butylphosphat in Kerosin Lésung, die ausserdem noch Uran und Schwefelsdaure enthalt. Amina 
und Alkylphosphorsduren werden in Chloroformlésung mit einer* Dioxan-Perchlorsdurelésuna 
titriert. Die Differenz zwischen der Gesamtmenge Phosphor und der Alkylphosphorsaure ergibt 
die Menge an Tributylphosphat. 
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INTRODUCTION 


The overall accuracy of accounting analyses made for fissile material in a chemical 
processing plant will usually be limited by difficulties associated with the determi- 
nation of a valid “‘plant input figure’’, for this often involves analyses of the plant 
feed solution. The isotopic dilution method using solid source mass spectrometry is 
capable of providing very precise analyses for plutonium! or uranium2-3 in a given 
solution, but in the application of such a method to the feed solution of a chemical 
processing plant the overall precision would almost inevitably be controlled by larger 
errors associated with the determination of sample aliquots, volumes of plant solution, 
or dilution factors under remote or semi-remote handling conditions. Clearly much 
would be gained if the isotopic dilution methods could be applied in such a way that 
either plant sampling errors are eliminated, or at least their significance minimised. 
The present paper considers this possibility in two typical cases: accounting for 
plutonium in a plant processing natural uranium fuel elements, and accounting for 
2350) in enriched uranium-—aluminium alloy fuel elements. Where appropriate, 
published data for the Windscale and Dounreay plants have been used to define 
typical solution conditions4.>. 


DETERMINATION OF PLUTONIUM IN NATURAL URANIUM FUEL ELEMENTS 
Introduction 


A previous paper! described the determination of plutonium using a ?4?Pu tracer. 
Results were obtained for several test solutions and these indicated a precision (Io) 
of 0.2% for a single determination. In calculating this figure errors introduced by 
the dilution of sample and standard were assessed at ~0.1%, so in this case the elimi- 
‘nation of these dilution errors could only reduce the overall precision to ~0.18%,. 
However, this latter figure will still include random errors associated with weighing 
the aliquots of dilute sample and tracer mixed for each determination, and moreover, 
‘in this instance the samples were diluted under nearly ideal conditions. In considering 
the use of this method on a routine basis for the control of a chemical plant it must be 
Recognised that dilution errors could easily be much larger, and in addition uncer- 
tainties will be introduced in relating the initial aliquot to the total volume of solution 
‘in the plant, and by evaporation of solutions, etc. Once the overall sampling error rises 
above 0.2% it will be this factor, and not the mass spectrometric analyses, which will 
control the precision of results obtained for accounting purposes; for example, the 
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overall precision quoted for the isotopic dilution method (including remote pipetting 
used for uranium in the Idaho Chemical Processing Plant is ~2%, whereas the error 
involved in mass analyses alone were much smaller?:®. 

In principle sampling errors could be completely eliminated from a plutoniun 
determination by dissolving a batch of fuel elements containing a known quantit 
of uranium, and then making a determination of the [Pu]/[U] concentration rati 
for a small aliquot of the solution. Fuel elements may consist of rods of natural ura 
nium in aluminium or Magnox cans; the rods are “‘de-canned”’ by means of a die and: 
hydraulic ram, and are then transferred to the chemical plant4. The mass of uraniun 
rods determined either by weighing after ‘“‘de-canning’’, or from the fuel elemeni 
production data, and corrected for the small quantity of uranium consumed by fissio1 
or by conversion to plutonium could give the total uranium input to the plant. Th 
product of this quantity and the appropriate [Pu]/[U] ratio should then give the tote 
plutonium input to the plant. In practice a plant may be operated under continuow 
conditions so plant sampling errors may still be involved in obtaining a representativi 
aliquot for analysis; however the effect of this should be very much smaller in 
[Pu]/[U] ratio measurement than is the case when an aliquot is taken for a direc 
plutonium determination. 

The work to be described represents an assessment of the errors involved in | 
determination of the [total Pu]/{total U] concentration ratio by a single mass spectra 
metric analysis. The samples used were similar to those described previously ana 
contained uranium, plutonium and fission products. Since this work was complete: 
a similar ratio procedure has been described, but using less precise analytical methodd 
namely radiometric analyses for plutonium, and density or X-ray photometric determ 
nations for uranium’. 


Outline of the method 


The basis of the present ratio method can be illustrated by examining the equation 
used to calculate Pu and U concentrations. If an aliquot derived from a plant solutio» 
is mixed with an aliquot of 242Pu tracer, the concentration of total plutonium in th 
original solution, {[Pu]s, may be found from the following equation: 


mass tracer aliquot M 239/242 — T 239/242 239 


[Pu]. = [242Pu];- 
mass sample aliquot (mass percentage 239Pu), 242 


where the subscripts s and ¢ refer to the sample under analysis and the 242Pu tracen 
Me39/242 represents the 239Pu/?42Pu ratio determined by mass spectrometry for thi 
mixture, and similarly T 239/242 for the tracer alone; D is the dilution factor for tht 
sample. 

Similarly the concentration of total uranium, [U]s, may be determined by addin 
an aliquot of ?88U tracer and then using eqn. (2), the definitions of terms used bein: 
analogous to those for eqn. (r). 


mass tracer aliquot M 238/233 — T 238/233 238 | 


( 


[U], = (230), ° —_____ eee : 
mass sample aliquot (mass percentage 288U), 233 


Thus if an aliquot of a tracer containing a mixture of 242Pu and 288U is added to: 
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sample containing both plutonium and uranium, the [Pu];/[U]; ratio is given by 
eqn. (3), where is a numerical constant. 


[PuJs —- [?42Pule Moso/2a2 — T239/242 (mass percentage 238U), 


(3) 


[U]s (?33U]+  Moasjass — T23sj233 (mass percentage 239Pu), 


In this equation the masses (or volumes) of sample and tracer solutions, and the 
dilution factor are eliminated. The first term of the expression, 7.c. n[?242Pu]e/[?33U Je, 
is obtained by calibration of the mixed tracer against a standard mixture prepared 
from ?°9Pu metal and natural uranium; the second term contains either constants 
for the tracers (Pu, T 239/242 ~0.005; U, T238/233 ~0.0002) or isotopic ratios determined 
for the mixture of sample and tracer. The third term, consisting of the ratio of the 
isotopic mass percentages of 289Pu and 238U in the sample under examination, is 
determined most accurately by taking a second aliquot of sample to which tracer has 
not been added. However, under certain conditions these quantities may be deter- 
mined from the mass analysis for the mixture by correction for the quantity of tracer 
present, and it should then be possible to obtain a value for the following expression 
by a single mass spectrometric analysis: 


Mo39/242 — T239/242 (mass percentage 238U), 


Mos /233 — T 238/283 (mass percentage 239Pu)s 


Chemical procedure 


The chemical procedure used for plutonium has been described in detail elsewhere! 
and only an outline will be given here. A portion of sample is diluted and an aliquot 

taken containing approximately 0.1 wg Pu (and in this case ~250 wg U). To this is 
added an aliquot of mixed tracer containing approximately 0.1 wg ®42Pu and 250 wg 
233). The dilution factor and the aliquots need not be determined accurately, but 
approximate values will be required to permit some control over the values of the 
239Py/242Pu and 238U/233U ratios produced in the mixture. The mixture of tracer and 
sample is treated with hydroxylamine hydrochloride followed by nitric acid in order 
to ensure isotopic exchange, and a solution is then prepared in 8 M nitric acid. 
About 2% of this solution is taken directly and evaporated to dryness on a microscope 
slide; this provides ample uranium ( ~5 wg 238U and ~5 wg ?83U) for a mass analysis. 
The rest of the solution is applied to a column of deacidite FF; uranium and fission 
products are washed through with 8 M nitric acid, and then plutonium eluted with 
0.1 M hydroxylamine hydrochloride, 1 M hydrochloric acid solution. The eluate 
containing plutonium is evaporated to small volume in a beaker, and then to dryness 
on a microscope slide. The uranium and plutonium specimens obtained in this way 

from any one sample are mounted separately on the two side filaments of a triple 
filament ion source’ for a mass spectrometric analysis. 

A possible source of error in the uranium determinations could be contamination 
by natural uranium, either airborne or from reagents. This was examined in two stages 
by blank determinations. The first was made for the initial part of the chemical 

‘treatment which involved ~250 wg 238U; the contamination level was 0.002 pg 
‘representing an uncertainty of only 0.001%. The second determination was made 
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starting at the point at which a 2% aliquot of solution (~5 wg ?38U) was taken and 
prepared for a mass analysis. This gave an upper limit of only 0.oooor wg, which is: 
again insignificant. 


Mass spectrometry 


Isotopic analyses were made using an A.E.I. Ltd. M.S.5 mass spectrometer, which 1s: 
a 12” radius of curvature 90° sector single focusing instrument incorporating an) 
electron multiplier. The centre filament of the ion source was heated by an unsta-. 
bilised power supply; stabilised units were used to heat the side filaments. The two: 
side filaments were heated together while they were being “‘pre-heated’’ to minimise: 
hydrocarbon background’, but thereafter were treated separately. The following: 
procedure was usually used for each mass spectrometric analysis. About 40 ?39Pu/ 
242Py ratios were first recorded; then the collector slit width was reduced and about! 
10 240Pu/242Pu and 241Pu/242Pu ratios were recorded at a slower scanning speed. Aj 
similar procedure was then used to record 238U/?83U (~40) and 285U/?83U (~10)| 
ratios, but in this case, to reduce the scanning time, a small resistance was switched! 
into and out of the magnet current circuit in order to change the focused ion from ?83U) 
to 238U or vice versa. The plutonium spectra obtained for samples were generally less: 
precise than those recorded for the earlier work!, the mean coefficient of variation fort 
scans being I.13°{ compared with the previous value of 0.749%. This appeared to be: 
due to a loss in sensitivity arising from a small H.T. leakage between the ion source: 
block and the focus plates. 


Results and discussion 
Determination of the isotopic mass percentage of ?39Pu 


Eqn. (3) involves the terms “mass percentage of 239Pu’’ and ‘‘mass percentage of 
238U’’. These could be determined by a mass analysis for an aliquot of sample takeni 
directly without addition of tracer, but in the interests of minimising the number of 
mass analyses it is worth examining the additional error that would be introduced! 
by making these determinations in the presence of the tracer. 

The *42Pu tracer had the following isotopic composition: 238Pu 0.3%, 239Pu 0.4%, 
40Pu 0.5%, 241Pu 0.2%, 242Pu 98.4%, 244Pu 0.2%. Thus in addition to determi- 
nations of ?39Pu, the main isotope in the samples, it should be possible to determine 
small quantities of 24°Pu and 241Pu for samples which may be assumed to contain 
no *42Pu. This assumption was justified in the present case for the two samples used 
contained 40.01% 242Pu. If isotopic ratios for sample, tracer, and mixture of sample 
and tracer are denoted by S, T, and M respectively, then S240/239 and Sea1/239 may be 
found using the following expressions: 


M 240/242 — T 240/249 


S 240/239 = (5) 


M 239/242 — T 239/242 


Moa1 j242 — T 241/242 


Seaij239 = 
M 239/242 — T 239/242 


(6) 


These ratios may then be used to calculate the isotopic mass percentage of 239Pu. 
Values found in this way for two samples are listed in Table I. ® 
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TABLE I 


MASS PERCENTAGES OF 239Pu DETERMINED IN PRESENCE OF 242Pu TRACER 


Isotopic mass percentage 


of 239Py 
sample A sample B 
96.04 95-89 
red 95-71 96.02 
Determinations 95-94 95.90 
95.98 95-93 
95-94 95-86 
96.02 95-93 
Mean value and standard deviation 95-94 +£0.12 95.93 + 0.06 
Comparison value 95-952 £ 0.019 95.977 + 0.013 


The comparison values were determined using aliquots of ‘“‘unspiked’’ sample and 
these show that the results obtained from mixture analyses contain no serious sys- 
tematic error. 

The precision of a mass percentage determination made in the presence of the tracer 
is 5-10 times worse than that of a direct determination, but this should still be ade- 
quate for the present purposes. Thus in the work described previously! the mean 
precision found for an isotopic dilution determination of the concentration of 239Pu 
was 0.20%. If a separate mass spectrometric analysis is made to find the isotopic 
composition of the plutonium sample, then the mass percentage of 239Pu is determined 
to ~0.01%, so the precision of a determination of total plutonium is also 0.20%. 
If, instead of making separate determinations of the concentration of 239Pu and of 
the isotopic composition of the plutonium sample, the whole of this information is 
obtained from a single mass analysis then, accepting the data in Table I as typical, 
the precision of a determination of total plutonium will become 0.22°%*. Thus in 
considering the isotopic dilution method for routine determinations of plutonium, it 
seems that little would be lost by basing determinations on a single mass analysis, 
for the overall error is increased only from 0.20% to 0.22%, whereas there would be 
a considerable saving in the mass spectrometric effort required. 

The above account omits consideration of the isotope ?88Pu. The determination 
of small quantities of this isotope in samples of the type considered here is subject 
to interference by 288U. This criticism applies to a result obtained from an “unspiked 
isotopic analysis’’ as well as to a mixture analysis so it is probably simpler to make 
the determination by «-spectrometry. 

It may be concluded that a determination of the concentration of total plutonium 
could be made by a single mass spectrometric analysis with little loss in precision for 
samples of the present type where the 24Pu content is negligible. However, in con- 
‘sidering the application of the method to solutions of dissolved fuel elements it would 
be necessary to consider the growth of 242Pu with increasing irradiation time. Using 
? 
® This value | (0.22%) is obtained by compounding the errors 0.20% for the determination of the 
‘concentration of 239Pu and ~0.1% for the determination of the isotopic mass percentage of #8°Pu. 


However, when these determinations are based on the same mass analysis the two errors are not 
c mpletely independent, and the overall error will be slightly smaller (0.212%). This point is 


iscussed in Appendix 1. 
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published data for the variation of plutonium isotopic composition with irradiation 
in graphite!%11 and in heavy water12.13 moderated reactors it may be shown that 
the 242Pu correction will be very small for irradiations of ~1000 MWD)/tonne, and: 
that if necessary the method could be extended to 35-6000 MWD/tonne by calculating 
corrections. This point is considered in Appendix 2. ; 


Determination of the isotopic mass percentage of ?88U 

In a similar way the isotopic composition of the uranium in the sample could be 
obtained from a mixture analysis by correction for the presence of the various tracer 
isotopes. The isotopic composition of the tracer was as follows: 233U 99.8%, ?34U 
0.17%, 235U 0.004%, 288U 0.02%. Assuming natural uranium is used as the charge 
material for the fuel elements, the initial isotopic composition of the sample would be 
234UJ 0.005%, 235U 0.72%, 288U 99.27%. In the course of irradiation the abundance 
of 235U would decrease and a small quantity of 23°U would be produced; these iso: 
topes could be measured in the presence of the tracer. It would be difficult to determine 
the abundance of 284U, but as it is only present to the extent of 0.005%, changes in its 
concentration are not likely to be significant. Table II records values found for the 
isotopic mass percentage of 288U in two samples, and again, in each case, one com 
parison value obtained using an aliquot of “unspiked sample’. As the abundances 
of 234U and 236U were very small, these isotopes were not determined, so the valueg 
listed in the Table are based only on the measurement of either ?9°U/?83U ana 
238[J/233U ratios, or 285U/?38U ratios. 


TABLE II 


MASS PERCENTAGES OF 238U DETERMINED IN PRESENCE OF 233U TRACER 


Isotopic mass percentage of 
238 U 


sample A sample B 
99.32 99.28 
99.28 99.31 
Determinations 99.32 99.32 
99.34 99.32 
99.32 99.31 
99.31 99.32 
Mean value and standard deviation 99.32 + 0.02 99.31 + 0.02 
Comparison value 99.324 + 0.002 99.326 + 0.002 


Again the precision of a single determination is ~10 times worse than that achieve: 
by a careful analysis of an ‘“unspiked sample’, but even so the random error of 0.02% 
is insignificant for the present purposes. 


Calibration of the mixed 242Pu—233U tracer 


Eqn. (3) also includes the term [242Pu]¢/[238U);. This concentration ratio for th 
tracer is determined by an isotopic dilution calibration in which aliquots of trace 
are mixed with aliquots of a mixed uranium-—plutonium standard. Apart from th 
mass spectrometric determinations the only sources of random error are those ir 
volved in preparing the uranium-—plutonium standard. Once weighed quantities ¢ 
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plutonium and uranium have been mixed, subsequent dilutions do not alter the [Pu]/ 
[U] ratio, so in principle errors associated with the use of standard flasks and pipettes 
are eliminated. In practice, in view of the large concentration ratio, a plutonium metal 
standard is weighed, dissolved, and a suitable aliquot added to a flask containing a 
weighed quantity of UsOs, but the overall error for this stage can be made quite small. 
The mixed standard is then diluted to give a plutonium concentration of ~o0.1 ug/g, 


and aliquots mixed with aliquots of the tracer. The results of the calibration are 
recorded in Table III. 


TABLE III 


CALIBRATION OF 242Pu/233U TRACER 


His Mean value and 

[233U Je standard deviation 
0.0003080 
0.0003087 
0.0003087 0.0003088 -++ 0.0000005 
0.0003090 
0.0003093 (COM mon 794) 
0.0003094 


The precision (1 standard error) for the mean value of the mass spectrometric determi- 
nation of the [?4?Pu]:/[233U]; ratio is thus 0.07%. If this is combined with errors arising 
from the determinations of the isotopic mass percentages of 239Pu and 238U (made 
in this case for a separate aliquot of standard) and dilution errors, the overall cali- 
bration error becomes 0.08%. It should be noted that this value does not include 
errors arising from uncertainties in such factors as stoichiometry of UsQOs, etc. 


Determination of the [Pu]/[U] ratio for samples 

The mixed tracer was used to determine the [total Pu]s/[total U]; concentration 
ratio for two samples. For each determination measurements were made of the 
M 239/242, M 240/242, Moea1/242, M 238/233, and M 235/233 mixture ratios in a single mass 
analysis and used with the following equation: 


[Pu]s Peale 233 


[U],  [?88U], 242 
239(Mos9/242 = T 239/242) + 240(M 240/242 = T 240/242) + 241(Mea1/242 — T 241/242) 


238 (Mo38/283 CS T 238/233) + 235(Mos5/283 << T 235/233) 


Results obtained in this way are recorded in Table IV. 

_ The values found for the precision of a single determination of the [Pu]/[U] ratio 
ire 0.31% and 0.22% for the two sets of results respectively, giving a mean value of 
.27°%,; allowing for uncertainties in the calibration of the tracer gives an overall 
Mean precision of 0.28%. The last column of Table IV records the coefficient of 
fariation calculated for each result from the observed random errors in the various 
= ratios measured for the mixture. It is clear that these precision measures 
re consistent with the observed variation of the results for the [Pu]/[U] ratio, and 
hat if the method were to be used on a routine basis in a chemical plant, they could 
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provide a means of control over analyses. This point has been discussed in detai 
elsewhere for plutonium determinations}. 

Thus the isotopic dilution method may be used to determine the [Pu]/[U] con 
centration ratio for a solution containing both of these elements; the precision (Io 
is ~0.3% for a result based on a single mass spectrometric analysis. 


TABLE IV 


RESULTS FOR [Pu]/[U] RATIO DETERMINATIONS 


Precision calculated 

Sample Tear} lente eee from mass analysis 
0.0004120 0.14 
0.0004120 0.17 
A 0.0004122 0.12 
0.0004126 0.19 
0.0004127 0.35 
0.0004154 0.41 

0.0004128 + 0.0000013 
(GON 0.375) 

0.0004072 0.19 
0.0004075 0.19 
B 0.0004076 0.25 
0.0004083 0.14 
0.0004086 WE O.E4 
0.0004096 O.L-7, 


0.0004081 + 0.0000009 
(COWiioz2°7) 


Corrections required in the calculation of the quantity of uranium present in a given mas 
of fuel elements 


The total quantity of plutonium present in a solution of dissolved fuel elemeni 
will be given by the product of the measured [Pu]/[U] ratio and the total quantit 
of uranium present, so in addition to the random error of 0.3% noted above the fim 
result for the quantity of plutonium will also involve uncertainties in relating tl 
quantity of uranium to the mass of fuel elements; thus corrections will be require 
for loss of uranium both by fission and by conversion to plutonium. In the imterdl 
of making a complete investigation the preceding account has been based on tt 
determination of the concentration of total uranium, and corrections for the quantit 
of *35U transmuted and 286U produced could be calculated from the uranium mai 
spectrum. However, it would in fact be simpler to omit consideration of these isotop) 
(and 284U) in the calculation of both the concentration ratio and the mass of urani 
for then the only correction required will be for loss of 238U during the irradiation 
Deletion of the term (Moea5/23s — T235/233) from eqn. (7) will give a determination 
the [Pu]/[?88U] concentration ratio. The quantity of 288U present in a batch 
irradiated fuel elements will be given by the product of the mass of fuel elements ar 
the original isotopic mass percentage of 288U provided a correction is made for t 
loss of 288U (mainly by conversion: to plutonium). This correction may be calculat , 


uncertainty negligible. At higher bistadiabions further corrections would be requi 
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for plutonium consumed by fission, but presumably these could also be calculated 


from the measured values of the [Pu]/[238U] ratio and the plutonium isotopic com- 
position. 


Possible application to accounting analyses in chemical processing plants 


The procedure described appears to have many advantages if considered as a 
possible means of accountancy control in a chemical processing plant. For a solution 
containing a known mass of fuel elements a determination could take the following 
form. An aliquot of plant solution would be mixed with an aliquot of tracer. Neither 
aliquot need be measured accurately, for it is sufficient merely to ensure that the quan- 
tities mixed provide suitable Mo39/242 and M 238/233 ratios for precise measurement in 
a mass spectrometer; an accuracy of say 20-30% would be adequate for each aliquot. 
Once mixed the method does not require a quantitative separation of either uranium 
or plutonium, for it is only necessary to ensure that the final specimens should contain 
sufficient material for a satisfactory mass spectral analysis. Thus a yield of 1-2% is 
adequate for uranium, and a minimum of perhaps 50% for plutonium. Under these 
conditions a single mass spectrometric analysis should provide a determination of 
the total plutonium content of the solution with a precision (10) of ~0.3°% together 
with uncertainties in the total quantity of uranium calculated from the mass of fuel 
elements. 

In practice it would seem preferable to make dilutions and to take aliquots as accu- 
rately as possible. A single mass spectrometric analysis could then provideinformation for 
the following purposes: (z) a determination of the [Pu]/[U] concentration ratio inde- 
pendent of plant sampling errors, (2) determinations of both plutonium and uranium 
concentrations with high analytical precision but also including sampling errors, (3) 
a determination of the plutonium isotopic composition from which the specific activity 
could be calculated with sufficient precision for radiochemical determinations. 

At the present stage of development of mass spectrometers the method described 
would probably be too time-consuming to be applied at frequent intervals to a chem- 
ical plant. However, even in its present form it could provide a valuable supplement 
to existing methods. For example, one method of plant control is based on frequent 
radiochemical determinations of plutonium. These also require a knowledge of the 
specific activity of the plutonium, but this may be determined at less frequent 
intervals to give an average correction factor, either by a direct determination of the 
activity/mass ratio for the pure product, or by making a mass spectrometric analysis 
for a “bulked sample’ of feed solution. In the latter case much would be gained by 
replacing this simple isotopic analysis by the procedure described in the present 
paper, for this would still provide the required specific activity determination, and 
in addition would give an independent and precise analysis for accountancy control. 
Sampling errors would be involved in preparing a “bulked aliquot’’, but for a plant 
operated on a batch basis this error would be small if the [Pu] /{U] ratio did not vary 
greatly from batch to batch. Additional uncertainties may be introduced in a plant 
operated on a continuous basis, but errors associated with proportional sampling 
devices are outside the scope of this paper. 


DETERMINATION OF 235U IN ENRICHED URANIUM FUEL ELEMENTS 


In view of the apparent advantages of employing a ratio technique for the determi- 
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nation of plutonium in natural uranium fuel elements, it is natural to enquire whethe 
a similar procedure could be applied to the determination of 235U in highly enriche 
uranium fuel elements. In this case there is no experimental work to present so onl 
a brief discussion will be given. 

The problem may be considered in terms of the Dounreay Materials Testin 
Reactor chemical plant®. This is designed to process fuel elements of enriched uraniur 
(93% 235U) aluminium alloy which have been irradiated to an extent that 20% c 
the 235U originally present has been consumed by fission or by neutron capture 
The requirements for plant accounting analyses are (Z) a determination of the 2351 
content of the irradiated fuel elements to provide a “plant input figure’’ of fissil 
material, (2) a determination of the quantity of ?85U consumed in the reactor fc 
costing purposes. 

A previous paper assessed the precision of the isotopic dilution method for th 
determination of 235U, and indicated a value of ~0.3% (Io) for a single determinatio: 
made for an aliquot of dilute mock feed solution?. For a reactor of the Dido type: 
charge of fuel elements contains ~2,500 g of 285U14, and this might be processed 1 
a chemical plant in ten batches, each containing 250 g>. Thus to determine the quantit 
of 285U remaining in a charge of fuel elements either an aliquot must be taken fron 
each batch and these combined to give a solution representative of the charge, or’ 
determination made for each batch. The precision of a single determination made fc 
the solution of combined aliquots would be ~0.3%, and the overall precision obtaine 
by making a single analysis for each of the ten batches would be ~0.1%. The quantit 
of 285U consumed in the reactor is then obtained by difference between the abow 
quantity and that known to be present in a charge before irradiation, so the corre 
sponding errors will be 1.2% and 0.4% respectively. 

The above precision values refer only to the mass spectrometric method, and q 
not include plant sampling errors. The latter could well be considerably larger tha 
the mass spectrometric error, and so will be especially significant in the determinatie 
of the quantity of 285U consumed. However, in principle at least, these could 1 
eliminated by a ratio procedure involving determinations of ?85U and a suitab) 
fission product. The use of a radioactive fission product to determine the quantit 
of 235U consumed may not be acceptable, for corrections will be required for its deca 
and an accurate knowledge of the reactor irradiation time and subsequent “cooling 
time may not be available. However, this criticism would not apply to the use off 
stable fission product provided the precursors are of short half-life. 

Assuming that an acceptable stable fission product nuclide (denoted by /F) ce 
be chosen, a ratio procedure could take the following form. 

The concentration of 235U in a plant solution may be obtained using eqn. (8) whe: 
R(U) represents a function of the isotopic ratios determined by mass spectrometr 
for uranium; definitions of other symbols used are analogous to those used for eqn. (: 


mass tracer aliquot és 235 


[235U], = [288U]¢ . 
mass sample aliquot 233 >) 


Similarly the concentration of the selected fission product nuclide /F may be a: 


termined by mixing it with an aliquot of a tracer enriched in isotope 7: tT 


b. 
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’ : mass tracer aliquot Ww 
Fle = [Ft - : - R(F.P.) fee ia (9) 
mass sample aliquot W; 


where R(F.P.) represents a function of the various isotopic ratios determined for the 
fission product element; W; and W; are the atomic weights of isotopes 7 and 7. Com- 
bining eqns. (8) and (Q) gives: 


Fle _¢. REP) 
[2350], R(U) 


(10) 


where C is the product of a numerical constant and a concentration ratio determined 
for the tracer by calibration. Eqn. (10) is analogous to eqn. (3) and does not involve 
a knowledge of the mass of aliquots of sample or tracer, or of dilution factors. If a 
symbol & is now used to define the ratio of the number of atoms of 235U destroyed, 
both by fission and by neutron capture, to the number of atoms of the selected fission 
product nuclide produced, eqn. (10) may be modified to give: 


Usiih.Go REP) 
= (rt) 
Us R(U) 

where U; is the quantity of ?35U consumed ‘in the reactor, and U; is the quantity 
remaining after irradiation. In practice small corrections will be required for the 
quantity of ?35U produced from 234U, and for fission products derived from 238U and 
239Pu. If the quantity of 25U in a charge of fuel elements before irradiation is denoted 
by Uz, U, and U; may then be obtained as follows: 


U, = Ur: ——————_ (12) 


In egns. (12) and (13) the effect of uncertainties in the determination of plant solution 
volumes, dilution factors, etc., is completely eliminated, but unless the quantity of 
235U) originally present in each batch is known and “plant hold-up”’ is negligible, this 
would be strictly true only if a complete charge of fuel elements could be dissolved 
altogether and a single representative sample taken. In practice volume and dilution 
data will be involved either in the preparation of a bulked sample typical of the ten 
batches, or in the calculation of the overall R(F.P.)/R(U) ratio from ten individual 
determinations, but unless the [selected fission ety [235U] ratio varies widely 
between batches, the uncertainty introduced by plant sampling errors in this way 
- be small. . 

If the 235U usage is of the order of 20%, the expression k.C. R(F.P. )/R(U) will have 
a value of ~0.25, so if the percentage error in this expression is x the helene 
errors introduced into U; and U,; will be 0.2 x and 0.8 « respectively. Thus, compared 
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with the direct determinations outlined earlier, in the ratio procedure the significanc 
of experimental errors is reduced by a factor of 5 both for the determination of tk 
quantity consumed and for the determination of the plant input figure. 

In eqns. (12) and (13) the term C is obtained by a mass spectrometric calibratio 
of the mixed tracer, so uncertainties are introduced only by the random errors i 
the isotopic analyses and by those in the preparation of a mixed standard of 23°! 
and the natural element form of the fission product; the term R(F.P.)/R(U) involve 
only isotopic ratios determined by mass spectrometry. These quantities are analogou 
to the first two terms of eqn. (3), and under favourable conditions a precision approach 
ing that of the [Pu]s[U]; ratio determinations should be achieved. An additiona 
uncertainty, however, is introduced by the term & relating the number of #9°U atom 
destroyed to the number of atoms of the chosen fission product nuclide, for there is bot 
the random error in the determination of k, and the question of whether it varies wit: 
irradiation conditions, etc. This, in fact, is the quantity controlling the feasibiliti 
or otherwise of the method. The following is not intended to be a complete discussio: 
of this problem, but it is clear that the fission product nuclide selected must at leas 
satisfy the following conditions: (a) the variation of & with neutron energy should H 
a minimum, (b) its neutron cross section should be small, (c) its precursors should hay 
short half-lives, (d) there should be no segregation of the fission product elemer 
from uranium in the dissolver tank of the chemical plant, (e) subsequently tl 
separation of the fission product element from uranium in the chemical plant shoul 
be sufficient to prevent errors arising from the use of recycled material, and (f) tH 
element should be amenable to a mass spectrometric analysis, and a suitable trace 
should be available. 

It is likely that no one fission product element will be wholly satisfactory. Howevee 
the basis of a determination need not be restricted to one element, for by using bot: 
side filaments in the ion source it is quite feasible to determine both uranium am 
several fission products!® in a single mass spectrometric analysis. A determinatic 
could then take the following form. It would be based primarily on the accurai 
determination of a fission product chosen for minimum variation of k with neutra 
spectrum. For a given fission product element probably more than one isotope coui 
be used independently, and for preference the determination would be based ontw 
elements chosen to be close to each of the peaks of the thermal fission yield/ma 
number curve. If the variation of k between charges of fuel elements is found to I 
significant, then given a precise determination of a fission product for which k varid 
over a relatively small range, the selection of the appropriate value of k might ll 
based on the determination of the relative quantity of a third fission product elemer 
having the maximum variation of with neutron spectrum, chosen, for exampll 
to be close to the minimum of the thermal fission yield/mass number curve. In thh 
way several independent values of R(F.P.)/R(U) and the appropriate value of k migh 
be obtained through a single mass Pee ate analysis. 

One difficulty in the proposed scheme is that the quantity of feed solution requirin 
treatment would be much greater than that involved in a direct determination + 
*8°U. A direct determination requiring ~2 ug 225U involves only ~0.4 mC of fissio 
product activity, whereas a portion of solution containing ~1I wg of an element oe 
either maximum of the fission yield curve would contain ~40 mC of activity, § 
handling problems would be rather more severe. The concentration of a fission produe 
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luclide in the minimum of the fission yield curve would be lower by a factor of the 
der of 100, so in this case the choice of element is essentially restricted to one having 
high sensitivity in a mass spectrometer. 115In is a possibility; it has the disadvantage 
f a long-lived precursor (115Cd, 43 d), but the yield of this is much lower than that 
vf its shorter lived isomer (115Cd, 54 h)18, so this uncertainty might be acceptable in 
he calculation of a correction. 

Given a suitable fission product, or combination of fission products, a single mass 
pectrometric analysis could provide information for the following purposes: (z) a 
letermination of the quantity of 235U consumed in the reactor; this would be nearly 
ndependent of plant sampling errors, and the effect of random errors in the mass 
pectrometric analyses would be diminished by a factor of 1.25; (2) a determination 
wf the 235U input to a chemical plant; again this would be nearly independent of 
ampling errors, and the significance of random errors in the mass analyses reduced 
yy a factor of 5; (3) a determination of the 235U concentration in the plant feed so- 
ution but including sampling errors; (4) an isotopic analysis of the plant uranium 
by correction for the presence of the various tracer isotopes) to provide the mass 
percentage of ?85U and the equivalent weight of the uranium for use with other ana- 
ytical methods. 


CONCLUSIONS 


[he use of a ratio procedure for the analyses of feed solutions made in chemical 
rocessing plants for accountancy purposes offers several powerful advantages. Thus 
lant sampling errors are nearly eliminated and this enables high precision techniques 
0 be exploited. The data presented show that for solutions of natural uranium fuel 
ements the [Pu]/[U] ratio could be determined with a precision (10) of ~0.3°% by 
_ single mass spectrometric analysis. The samples used in this work contained 
F0.01% 242Pu; in practice the 242Pu content would increase with irradiation time, 
yut it can be shown that the 242Pu correction will usually be very small for an irra- 
liation of ~1000 MWD/tonne, and that by calculating this correction it should be 
yossible to extend the method to solutions obtained even after irradiations of 5-6,000 
(WD /tonne. 

In principle a similar procedure might be applied in a chemical plant processing 
uel elements containing highly enriched 28°U. In this case both the quantity con- 
umed in the reactor and the input figure for the chemical plant would be related to 
[stable fission product]/[235U] ratio. The method is less fundamental than a direct 
letermination of 235U and includes the uncertainty in the variation of the ratio 
atoms 235U destroyed)/(atoms fission product nuclide produced) with neutron 

sectrum, but this disadvantage might be outweighed by the near elimination of 
3 sampling errors, and the five-fold reduction in significance of instrumental 
trors in the determination of both of the required quantities. 
The chief limitation of the mass spectrometric procedure is the time-factor. The 
>u]/[U] ratio determinations were made at the rate of only one per day. This could 
@ raised to two per day, but considerable time is also required for the actual measure- 
lent of the various ratios after they have been recorded, for each complete mass 
yectrometric analysis involved over 100 estimates of isotopic ratios. The method 
mild obviously be made even more attractive by instrumental developments per- 
litting mass spectra to be both recorded and measured more rapidly. 
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APPENDIX I 


ERRORS INVOLVED IN THE CALCULATION OF THE CONCENTRATION OF TOTAL PLUTONIU? 
FROM A SINGLE MASS SPECTROMETRIC ANALYSIS 


The expression for the concentration of total plutonium (eqn. 1) includes the follow 
ing term: 


Mos39 242 — T 239/242 


(1: 
(mass percentage ?3°Pu)s 
or expressing ‘“‘mass percentage’’ in terms of the ratios S2ao/239 and Sea1/239: 
240 241 
(M239 /242 — T239/242) (: + —— Sea0/239 -+ —— Sza1/239 (ri 
239 239 


Expression (15) will apply directly when the determinations of Meaoj242 and the is 
topic composition of the sample are independent (7.e. based on separate mass spectre 
metric analyses). When these two quantities are determined by the same mas 
analysis the ratios S2ao/239 and S2a1/239 are not measured directly, but are calculate 
from the observed mixture and tracer ratios, so the precision for the determinatia 
of these two terms will usually be worse than that obtained by a direct analysi 
Thus the apparent increase in error when a determination of the concentration of tott 
plutonium is based on a single mass spectrometric analysis, instead of on separa’ 
analyses for Mo39/242 and the isotopic composition, will arise from the increase in the e 
ror due to the second part of expression (15). Typical values of the ratios and of coe 
ficients of variation for direct determinations and for values calculated from mixtu! 
analyses respectively are: Sea0/239, 0.040 (0.25%, 2%) ; S2aij2a9, 0.0024 (1%, 15%); th 
corresponding errors for the second part of expression (15) are then 0.01% and 0.09% 

In basing a determination of the concentration of total plutonium on a single mai 
spectrometric analysis the error component arising from the determination of tl 
isotopes 24°Pu and 241Pu will therefore increase, but in fact this will be offset to soni 
extent by a small decrease in the significance of the error in the measurement of tl 
ratio Me239/242. Thus if eqns. (5) and (6) are used to express S240/239 and Sea1/239 soles 
in terms of mixture and tracer ratios, expression (15) becomes: 


240 241 
(Mo239/242 — T239/242) + —— (M2a0/242 — T240/242) + —— (Mearjaa2 — T 241/242) (1 
239 239 , 


Then if the percentage error in Moe39/242 is AM, the errors introduced by this in: 
expressions (15) and (16) will be 


M239 242 
‘AM ( 
M 239/242 — T 239/242 
and ¥ 
M239 /242 
“AM ( 


M 240 241 
(M239 /242 — T 239/242) + 245 (Mo240/242 — T 240/242) -+ —— (Me2a1j242 — T 221/242) 
23 


. 
| 
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respectively. Typical values of the various ratios are M 239/242, I; Moaoj242, 0.045; 
M 221/242, 0.005; T 239/242, 0.005; T 240/242, 0.005; T 241/242, 0.0023; substituting these gives 
a value of 0.96 for the ratio of expression (x8) to expression (17). 

Assuming a value of 0.20% for the coefficient of variation for the factor (M 239/242 — 
T 239/242), then when the ratio Mog39/242 and the isotopic composition of the plutonium 
are determined by separate mass spectrometric analyses, the errors to be combined 
are 0.20% and 0.01%, and the coefficient of variation for expression I5 is 0.200%. 
When the two quantities are determined by a single mass spectrometric analysis the 
errors to be combined are 0.96 x 0.20% and 0.09%, so the overall error for expression 
(16) is 0.212%. (For comparison a direct combination of errors of magnitude 0.20% 
and 0.09% would give an overall value of 0.219%). 

The above account is incomplete for the error in the factor (M 239/242 — T 239/242) 
will usually be less than 0.20%, and some other error components (calibration of 
tracer, uncertainty in mass of aliquots of sample and tracer, etc.) will be common 
to both types of determination. However, it illustrates that relatively little should 
be lost in-basing a determination on a single mass spectrometric analysis. For material 
produced after longer irradiations, the relative quantities of 24°Pu and 241Pu will be 
larger. The disparity between the two methods of estimating 24°Pu and 241Pu should 
then decrease, and further the value of the coefficient of (\M in expression (18) will 
also decrease. Thus the single analysis method should continue to be attractive until 
the growth of ?42Pu becomes the limiting factor. 


APPENDIX 2 
GROWTH OF 242Pu WITH IRRADIATION TIME 


The procedure described in “Determination of plutonium in natural uranium fuel 
elements’’ involves the assumption that the 242Pu content of the samples is negligible. 
This may be acceptable for uranium irradiated to the extent of perhaps 1,000 MWD/ 
tonne, but at higher irradiations the 242Pu content will increase and will require 
consideration. However, even when the 242Pu content is significant, if it is small it 
may still be possible to make a determination by one mass spectral analysis. For a 
given reactor and operating procedure the variation of plutonium isotopic compo- 
sition with irradiation might be found either by calculation or by experiment. Using 
these data curves may be constructed showing the variation of the ?4#Pu/?#9Pu ratio 
with both the 24°Pu/239Pu ratio and the 241Pu/?89Pu ratio. For any given sample the 
measured 24°Pu/239Pu and 241Pu/?39Pu ratios (7.e. calculated from measured mixture 
and tracer ratios) may each be used with the curves to find the appropriate ?4*Pu/?39Pu 
ratio, which is then used in the calculation of the total quantity of plutonium. In 
order to illustrate the errors introduced by such a procedure the data quoted for a 
typical natural uranium graphite moderated power reactor have been taken as an 
example of the variation of plutonium isotopic composition", and used in the cal- 
culations below. In practice, for a given reactor operated at a fairly constant irradiation 
level, calibration curves might be constructed from a few ‘“‘unspiked isotopic analyses”’ 
for the plant solutions. 

_ Eqns. (5) and (6) enable the S2a0/239 and Spa1/239 ratios to be calculated from mixture 
and tracer ratios when the sample contains a negligible quantity of 242Pu. If, however, 
the ratio S2a2/239 has a finite value, the equations take the following modified form: 
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M 240/242 — T 240/242 Moso/242* 1 240/242 — Maaoj2a2* T239/242 
242/239 (19 


S240/239 = 
Mos39/242 — T 239/242 M 239/242 — T 239/242 


Moarjea2 — T2a1j242  Mosg/ea2* T 241/242 — Moarj22° T 239/242 


Sea1/239 = 242/239 (20 


M 239/242 — T 239/242 Mo239 /242 — T239/242 


Eqn. (1) also becomes: 


mass tracer aliquot D Mo39 242 — T 239/242 


Diut|e =) (242 ails 
La ! I mass sample aliquot 242 1 — Moa9/242°S2a2/239 


(239 + 240 Sea0/230 + 241 Searjes9 + 242 Seaz/as0) (22 


Eqn. (19) may be considered in two parts: the first term which is analogous to eqn 
(5), and a second term involving S242/239, the ?4#Pu/?3®Pu ratio for the sample. Assumi 
ing a value of unity for the Mes9/242 ratio throughout, the relative values of thes: 
terms may be calculated for various irradiation levels. In this way it may be show: 
that the contribution of the second term is very small, both for S240/239 and Sea1/28¢ 
increasing from ~0.01% at 2,000 MWD/tonne to ~0.05% at 8,000 MWD/tonne. Thu 
the errors introduced in applying these corrections will be negligible, and it is justifies 
to use the calculated values of S240/239 and S2a1/239 to find Sea2/239. 

By using the calibration plots (based in this case on reference!) the errors in thi 
242Py/239Pu ratio corresponding to error values assumed.for the ?4¢Pu/?39Pu ama 
241Py/239Pu ratios may also be found, and then, using eqn. (21), the equivalent erro 
for the total quantity of plutonium. This procedure has been used to calculate thi 
values listed in Table V, where it has been assumed that Seao/239 and Sea1je39 ar 
determined to +0.0005 for values of 0.05 or less, and to 1% for values greater thai 
0.05, and also that a Mos9/242 ratio of _~1 is used throughout. 7 


TABLE V 


ERRORS IN [Pu]; EQUIVALENT TO ERRORS IN 240Pu/239Pu AND 241Pu/239Pu RATIOS WHEN USED T 
CALCULATE THE 242Pu CORRECTION 


* ata, Error usin j 
i moPu/2tePu ih ss Puli Pu rao 
a) oO 
2000 ~0.01 ~0.03 
3000 0.04 0.02 
4000 0.08 0.04 
5000 0.13 0.07 
6000 0.2 O.11 
8000 0.5 0.2 : 


The later entries in the second column are probably overestimates for as tk 
240Pu/239Pu ratio reaches 0.2-0.4 it will be determined with a better precision thai 
1%. It therefore seems that if necessary this interpolation procedure could be usee 
without introducing serious errors, up to an irradiation of 5-6,0o00 MWD/tonne. . 
similar calculation based on isotopic data for N.R.X.12.13.17 combined with 242P 
production rates calculated for M.T.R. Idaho!8 also gives results which are comparab! 
(slightly smaller) with the errors listed in Table V. : 

2 
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SUMMARY 


A procedure is described for the determination of the [total Pu]/{total U] concentration ratio for 
a given solution by an isotopic dilution method. Results obtained for two samples give a mean 
precision (10) of 0.3% for a determination made by a single mass spectrometric analysis. A possible 
application of the method would be its use for plutonium accounting analyses in a chemical plant 
processing natural uranium fuel elements, an important feature being the near elimination of 
the effect of plant sampling errors. An outline is also given of a similar procedure which might be 
. for the determination of 285U in a plant processing enriched uranium—aluminium alloy reactor 
uel. 


RESUME 


Une méthode par dilution isotopique est décrite pour la détermination du rapport de concentrations 
[Pu total]/(U total] dans une solution donnée. Une application de ce procédé est possible dans 
les installations utilisant l’uranium naturel comme combustible. 


ZUSAMMENFASSUNG 


Beschreibung einer Isotopenverdiinnungsmethode zur Bestimmung des Konzentrationsverhalt- 
nisses [total Pu]/[total U] in einer Lésung. Es wurde bei zwei Substanzproben durch eine Massen- 
spektrometrische Analyse eine mittlere Prazision von 0.3% erzielt. Mégliche Anwendungen der 
Methode in uran-verarbeitenden Betrieben werden erwahnt. 
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INTRODUCTION 


The separation of cobalt-60 from other radio-isotopes emitting hard -rays is of grea 
importance, e.g. in activation analysis**. In many irradiated samples (blood, steel: 
etc.) especially iron-59 and zinc-65 are present in large excess over the cobalt-60/ 

The methods suggested for the separation of cobalt-60 include paper chromato: 
graphic, ion-exchange, precipitation and extraction techniques?—®; but with a large 
excess of iron-59 or zinc-65 we found that none of these methods was quite satis: 
factory. 

PRIBIL et al.? made use of the extraordinary stability of the cobalt diethyldithio’ 
carbamate complex for the selective colorimetric determination of microgram amount¢ 
of cobalt. The complex was extracted into chloroform and all other colored diethyl! 
dithiocarbamate complexes were decomposed by shaking with an aqueous solutior 
of mercury(II). : 

The same reactions were applied by the present author for the radiometric determi! 
nation of submicrogram amounts of cobalt, using either diethyldithiocarbamate-35¢ 
or mercury-203 (in contradistinction to microgram amounts of cobalt, extraction with 
diethyldithiocarbamate at pH 14 was incomplete) 8. 

In the present work cobalt and other carriers were added to the irradiated sampled 
and extraction of the cobalt complex was carried out at pH 14. The treatment witl 
mercury(II) was unnecessary, because iron-59 and zinc-65 were co-extracted only tc 
the extents of 0.0005 and 0.04% respectively. 


PROCEDURE 


After the irradiation add metal-carriers in 100 wg*** amounts, ash and/or dissolve ir 
mineral acid and, if necessary, separate the heavy metals by precipitation as the 
hydroxides. 

Dissolve in a few ml of 1 N hydrochloric acid and place the solution in a tightly 
lidded P.V.C. pill-capsule of diameter 25 mm and height 76 mm. ; 
* Publication No. 134 of the Research Institute for Animal Husbandry, “‘Schoonoord’’, Hoogt robis 
Utrecht (The Netherlands). -, 
** KAISER AND MEINKE! carried out the neutron activation analysis of cobalt, using the sof 


y-tadiation of cobalt-60m (ry = 10.5 min) 
a 


: ¢ 
Alternatively 1 mg of each metal is added as a carrier; in this case 0.0 5 M tartrate and Ic 
mg of diethyldithiocarbamate are used. y 
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Dilute to 5 ml, add some phenolphthalein and add potassium sodium tartrate up to 
0.01 M*. Neutralise with alkali, add an excess of 0.6 ml of 10 N sodium hydroxide 
and then 1 mg of diethyldithiocarbamate*. 

Shake mechanically** with 5 ml of carbon tetrachloride (Analak), centrifuge lightly 
to remove drops from the upper walls and remove the upper layer with a pipette. 
Rinse by shaking with alkaline tartrate, dry the carbon-tetrachloride layer by fil- 
tration (¢.g. through a SS-595 paper) and evaporate by a stream of nitrogen to the 
volume of the well-type counter. Measure the radio-activity of cobalt-60 by scintilla- 
tion counting*** and the amount of the cobalt complex with a spectrophotometer 
(4000 A). 

The time required for a determination in duplicate is 40 min; the efficiency for 
cobalt is about 50%. 


DISCUSSION 


The results (Table I) show that less than 0.0005 and 0.04% of iron and zinc respec- 
tively are extracted. About 0.05% of the activity of both pile- and cyclotron-produced 


TABLE I 


EXTRACTION OF IRON-59 AND ZINC-65 BY DIETHYLDITHIOCARBAMATE AT pH 14® 


99 Fe Pile» Cyclotron: 

1 Freshly irradiated 40 48 

2 After 70 days (1.5 times T;) 105 185 

3 As no. 2; purified4 <0.5 mag 

4 As no. 2; no Co-carrieré <0.5 <0.5 
Zn Pile 

1 Non-purified 35 

2 Purified! 40 


2 Tracer is added to give an original count-rate of 10° C/min; mean values of 4 experiments are 
given in C/min found in the final organic layer. : 
b59Fe was produced by the 58Fe(n,y) 5®Fe reaction; some ®°Co was formed (by (,y) reactions) 
from the small amounts of cobalt in the iron target. (Amersham — UK) . 
©59Fe was produced by the ®°Co (d, 2p)—®®Fe reaction (in concurrence with the **Co (d,p)—®Co 
reaction) from a cobalt-target. Most of the °Co was removed by the manufacturer (Philips-Duphar, 
Amsterdam). , YA 

4 Purified — after the addition of Fe- and Co-carriers — by N successive extractions with iso- 
propylether from 7 N HCl, evaporation of the ether, addition of new carriers and HCl up to 7 N, 
and repetition (M-times) of the process. In column 2: N = 2 and M = 3, the efficiency for Fe 
and Co was 80 and 0.02% respectively In column 3: N = 3 and M = 2, and the respective 
efficiencies were 95 and 1%. ; 

€ Carrier-free cobalt is extracted very incompletely (see introduction). 

£65Zn was purified by descending paper chromatography. The solvent (acetone—4 N HCl = 75:25) 


was allowed to drip off. 


* Alternatively 1 mg of each metal is added asa carrier; in this case 0.05 M tartrate and 10 mg 


of diethyldithiocarbamate are used. ; oe 4 
** Shaking was carried out in a vertical position in the ‘‘Microid flask shaker’’ at 900 periods per 


min for 3 min. : : = 
*** A Philips detector (PW 4111 W) and scaler (PW 4022-4032-4052), combined with an E.K.A.P. 


single channel analyser (30301-20102), were used. 
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iron-59 is due to cobalt-60. (For the pile-produced iron-59 the manufacturer gave the: 
valuesi<0: Ee): 

When the alkaline back-extraction is omitted or when it is replaced by a simple: 
rinsing, results with iron-59 are 5 to 30 times higher. When the procedure is carried} 
out with x ml of both layers, evaporation of the organic layer is not required but! 
results with iron-59 are doubled. 

Addition of the diethyldithiocarbamate reagent at lower pH values results in higher! 
extraction percentages of iron-59. The addition of ammonium tartrate, sodium fluo-: 
ride, pyrophosphate, ‘‘tiron’’, or ascorbic acid does not have any favourable influence: 
on the results. The use of ro mg of each carrier in the 5-ml volume resulted in pre-: 
cipitation. The addition of mercury(IJ) or potassium cyanide to the alkaline tartrate: 
used for the back-extraction did not improve the results. 
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SUMMARY 


A method is described for the radiochemical separation of cobalt based on the extraordinary 
stability of cobalt diethyldithiocarbamate. Interferences are few; only very small amounts of zinc. 
and iron accompany cobalt, which is important in neutron-activation analysis. 


RESUME 


Une méthode est proposée pour la séparation radiochimique du cobalt, sous forme de diéthyl- 
dithiocarbamate; ce composé présente une stabilité remarquable. 


ZUSAMMENFASSUNG 
Es wird eine radiochemische Abtrennungsmethode fiir Kobalt beschrieben. Sie beruht auf der 
aussergewOhnlichen Stabilitat des Kobalt—Diathyl-dithiocarbamat Komplexes. 
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SOME REMARKS ABOUT THE USE OF THE BOMB CALORIMETER 
H. J. NIJKAMP 


Laboratory of Animal Physiology of the Agricultural University College*, 
Wageningen (The Netherlands) 


(Received October 27th, 1960) 


For respiration experiments with cows, in which it is important to establish the energy 
balances, we had to determine the calorific value of many samples of feeding stuffs, 
faeces, urine, etc. These values were measured in a bomb calorimeter by determining 
the rise of temperature in the inner calorimeter vessel, keeping the water in the outer 
vessel at a constant temperature. For these experiments it is sufficient to attain an 
accuracy of 0.2-0.3%. 

The experience obtained in this work gives rise to some remarks which may be 
useful to other workers in this field. 


The accuracy of the thermometer 


Usually in calorimetry a thermometer is used with a scale graduated to 0.01°, 
whilst readings are estimated to 0.001°. However, in verifying thermometers of this 
kind the accuracy is about 0.or° and certainly not 0.o01° (private communication 
from Van der Waals Laboratory, Amsterdam). It is our opinion that, even in legally 
verified thermometers, both the initial and final temperature may be 0.005° in error, 
so that in unfavourable circumstances the maximum error will amount to about 0.01°. 
This means a relative error of about 0.5%, if the total temperature rise is about 2°. 
In the usual method of determining the combustion value this thermometer error 
undoubtedly provides the limiting factor. 

In order to reduce the unfavourable influence of unknown thermometer errors our 
method was modified so that in all determinations nearly the same section of the 
thermometer could be used (see also Coops e¢ al.1). For our calorimetric determinations 
the initial temperature is always the same, being chosen as 19.0° (between 19.00 and 
19.04). Furthermore so much material is burnt in the bomb that the temperature 
Tise is between 1.6° and 1.9°. Thus, our end-temperatures are always between 20.6° 
and 20.9°. This range from 1.6° to 1.9° could be reduced if necessary ; in fact nearly all 
temperature rises are between 1.7 and 1.8°. This method of measuring reduces con- 
siderably the influence of unknown thermometer errors. Since in calorimetric work 
the determinations are based on the known calorific value of substances such as 
benzoic acid, succinic acid, etc., it is not important to know the absolute temperature 
tise. As a matter of fact in our case thermometer errors from Ig.0° to 20.6° are im- 
material, so that it is enough to establish possible irregularities in the range 20.6°— 


* Director: Prof. Dr. E. BROUWER. 
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20.9°; the irregularities over such a small interval will usually be negligible. Moreover 
the section of the thermometer between 20.6 and 20.9 can be verified accurately with 
benzoic acid in the following manner. With different amounts of benzoic acid th 
water value of the calorimeter is determined. The amounts of benzoic acid are choser 
so that the final temperatures are successively about 20.6, 20.7, 20.8 and 20.9°. If the 
water values corresponding to the different final temperatures are in good agreement 
no thermometer corrections have to be applied. If the water values found over thi 
range 20.6-20.9 do not agree sufficiently, a certain point in the region 20.6-20.9, fo: 
instance 20.6, is assumed to be correct and for the other points of the region suck 
thermometer corrections are applied that the calculated water values correspond té 
the water value at the chosen point 20.6. 

With a material such as benzoic acid (homogeneous and nonhygroscopic) the wate: 
value, if determined in duplicate, can be established with an accuracy of about 
part in 1000 (0.1%). This means that in verifying the thermometer with benzoi 
acid as described, an accuracy can be obtained of 0.1% of the total rise (+ 1.8°) 
7.e. about 0.002°. 

In order to be able to start the measurements at the fixed temperature of 19) 
we placed a simple electric heater (40 V, 50 Watt) in the inner calorimeter vessel 
At the beginning of every determination the inner calorimeter vessel is filled with 
water, the temperature of which is somewhat less than 19°; the water is then warmee 
with the electric heater to nearly 19.0° and stirred for 10 min to ensure that equilib 
rium is established. In the outer vessel (water jacket) are placed an electric heate: 
(220 V, 350 Watt) and a spiral copper tube for cooling with tap water. Mixing of thi 
water in the outer vessel can simply be achieved by forcing air through the wate 
with a rubber bulb. Thus the temperature of the outer vessel can also be adjustes 
at will, which is very important, for now one is always able to measure under standart! 
conditions. The temperature of the outer vessel is chosen as about 0.5° lower than thi 
expected final temperature in the inner vessel, thus, as a rule, the temperature i 
the outer vessel is 20.2° or 20.3°. 

The measures mentioned above proved to ensure more reliable and more accurat 
results and, in our opinion, it would be desirable for calorimeters to be built so tha: 
the temperatures in the outer and inner vessels can be regulated. 


A simple, accurate correction-formula 


The temperature rise measured after the firing must be corrected because this ris: 
is influenced by the differences between the temperatures of the inner and oute 
vessels. The best approximation of this correction is given by the theoretically derive: 
formula of REGNAULT-PFAUNDLER?, which can be written as follows: 


Vi—V: ToL x 
= R = (ete eee <. aghleeete ts Tot + 2 To) — 1 Vi \ 


where Vi and V2 = temperature rise per time interval (30 sec) in the initial and fina 
periods respectively, To, 71... Tn = temperature readings in the combustion perio¢ 
RK = temperature rise in the combustion period and » = number of time interval 
(30 sec) in the combustion period. | 

The use of this formula involves a rather time-consuming calculation with ever 
determination. However, for every calorimeter and bomb it is quite easy to deriv 


i 
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from the mentioned formula a very simple one, which is almost as accurate as the 
REGNAULT-PFAUNDLER formula. From a large number of observations it turned out 
that the temperature rise after the firing, if plotted graphically, always follows the 
same type of curve, practically independently of the kind of material burnt. The shape 
of the temperature-time curve is mainly determined by the material of the bomb and 
the construction of the apparatus. After the first time interval (30 sec) in the combus- 
tion period the rise is a certain fraction of the total rise (T1 = To + o1R), and also 
after the second, third, etc. intervals (L2 = To + a2R; Ts = To + aR; etc.). For the 
equation of REGNAULT-PFAUNDLER we now can write: 


Vi—V2 
R 


c= 


m To+ (O1toe2 +. . .On—a1 + ae ( R—n Ty} —n Vy, 
or: 


6 = (Vi—Ve) (a1 toe. . . Oma + =) —nvVy 


For our calorimeter and two old bombs (old-type bombs, manufacturer Julius Peters, 
Berlin) the combustion period is 5 min and we always use time intervals of 30 sec, 
therefore = ro. For the calculation of «1 + «2 + ...cn-1 + 4an we used the read- 
ings of 48 determinations (hay, dried faeces, urine dried on cellulose, benzoic acid). 
The mean value of this sum proved to be 8.75 with a standard deviation of 0.06. 
Thus, for our calorimeter with old bombs the formula could be changed into: 


¢ = (Vi—Ve2) 8.75 — 10 Vi= — 8.75 Ve — 1.25 Vi 


The algebraic signs of V must be carefully watched; a decrease of the temperature 
during the initial or the end period means that V is negative. 

For our calorimeter with old bombs this very simple formula is nearly just as accu- 
rate as the original formula. The small fluctuations found for the sumo + «2 + etc. 
(standard deviation 0.06) are mainly caused by the quick temperature rise in the first 
part of the combustion period, which entails inaccurate readings. These inaccurate 
readings also cause some uncertainty in using the formula of REGNAULT— PFAUNDLER. 

For control the correction was calculated in both ways for 12 determinations. The 
results are given in Table I. 

As can be seen, the differences between the pairs of corrections are negligible, 


TABLE I 
; I IIT I—II 
TEs Simple Regnault 
cag formula —Pfaundler 

hay —0.0042 —0.0042 0.0000 
hay —0.0021 —0.0021 0.0000 
hay —0O.OOIT —0.0009 —0.0002 
hay —0.0022 —0,.002I —0.0001 
faeces +0.0021 +0.0020 +0.0001 
faeces +-0.0006 -+0.0005 -+-0.0001 
faeces —o.0008 —0,.0010 +-0.0002 
faeces 0.0000 —0.O000I --0.0001 
flour —0.0010 —0o.0009 —o.0001 
urine —0.0004 —0.0003 —0.0001 
urine —o0.0038 —0.0035 —0.0003 
urine —0.0031 —0.0030 —o.0001 
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especially if it is considered that the uncertainty in the readings and in the calibratior 
of the thermometer is many times larger. For every calorimeter and bomb a corre. 
sponding simple formula can be derived after a number of determinations has beer 
done. We found however that the difference between two bombs can be very large 
in this respect. The example given above holds for our two old bombs from Juliu: 
Peters, Berlin. For a newly received bomb (manufacturer also Julius Peters) it ap 
peared that the heat exchange after the combustion was much slower than with the 
old bombs. Whilst the combustion period for the old bombs was only 5 min (m = 10) 
the combustion period for the new bomb appeared to be 9 min (m = 18). The correc 
tion formula for the new bomb proved to be: ¢ = —15.5 Vz — 2.5 Vi. The slow hea 
exchange of the new bomb can probably be attributed to a low heat conductivity o 
the material of the bomb and must be called an important disadvantage for twe 
reasons: the determinations are more time-consuming and the calculation of the cor; 
rection is less accurate. For calorimetric bombs material of high heat conductivity 
is to be preferred. 


SUMMARY 


In order to reduce the unfavourable influence of unknown thermometer errors, the method foi 
the determination of the calorific value of organic matter in the calorimetric bomb is modifiee 
so that in all determinations nearly the same section of the thermometer is used. For the correctio= 
of the observed temperature rise a very simple formula is derived from the more elaborate formul! 
of REGNAULT—PFAUNDLER. 


RESUME 


L’auteur propose une modification de la détermination de la chaleur de combustion de substance’ 
organiques par la bombe calorimétrique, permettant d’éviter des erreurs dues au thermométre 
Pour la correction, on utilise une formule de REGNAULT—PFAUNDLER simplifiée. 


ZUSAMMENFASSUNG 


Beschreibung eines Verfahrens zur Eliminierung des Einflusses des Thermometerfehlers bei de 
Bestimmung des Kaloriengehaltes von organischem Material im Kalorimeter. Zur Korrektur wirt 
eine vereinfachte Formel von REGNAULT—PFAUNDLER verwendet. 
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DETERMINATION OF FORMIC ACID BY CATALYTIC 
OXIDATION WITH CERIUM(IV) 


N. K. MATHUR, S. P. RAO anv D. R. CHOWDHARY 
Department of Chemistry, Jaswant College, Jodhpur (India) 
(Received September 27th, 1960) 


Cerium(IV) has been used for the oxidative determination of organic compounds by 
several workers!~4, In most cases the oxidation proceeds to the formation of carbon 
dioxide, water, formic acid and higher fatty acids. Although it has been reported 
that formic acid is resistant to further oxidation, impurities present in the ceric salts 
may induce partial oxidation of formic acid; the reaction may thus be non-stoichio- 
metric. This necessitates the use of empirical factors for the determination of certain 
compounds. In order to overcome this difficulty SHARMA AND MEHROTRA? suggested 
chromium sulphate as catalyst and a sulphuric acid concentration of 50-60% ; formic 
acid is then oxidised by cerium(IV) to carbon dioxide. Other organic compounds 
which are normally oxidised to the formic acid stage by cerium(IV) are then also 
oxidised to the carbon dioxide stage and the reaction becomes more stoichiometric 
and better suited for quantitative work. 

Under the conditions used by SHARMA AND MEHROTRA? there is always a danger 
of loss of volatile oxidation products .We therefore considered the possibility of using 
some catalyst in the presence of which formic acid can be oxidised at ordinary temper- 
ature. We have already described4 a photochemical method for the oxidation of 
organic compounds at room temperature which eliminates the possibility of volatili- 
sation of oxidation products. 

Although SHARMA AND MeEHRotTRA did not discuss the mechanism of the catalytic 
action of chromic sulphate, it appears that chromium(III) is oxidised to the hexavalent 
state which is re-reduced by formic acid. Among other oxidants used for the oxidation 
of formic acid, bromine reacts at ordinary temperatures®, being reduced to hydrogen 
bromide. In presence of cerium(IV), bromine is regenerated and a chain reaction is 
set up which can be represented as follows: 


2 Br- + 2 Cet4 > Bre + 2 Cet3 
HCOOH + Bre ~ 2 HBr + COsz 


This reaction has been used as the basis for the oxidation of formic acid by cerium(IV) 
in the present investigation. 


EXPERIMENTAL 


Stock solutions of ceric salts were prepared by dissolving the requisite amount of 
ceric sulphate (A.R., B.D.H.) in sulphuric acid so that the final acidity was 1.0 N. 
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This solution was standardised iodimetrically’? by running a blank as described below, 
Since formic acid may contain some oxidisable impurities it was distilled from a soi 
lution containing 100 ml of g0°% formic acid, 2 g of ceric sulphate and 20 ml of 4 
sulphuric acid. In the distillate formic acid was determined by reduction of mercuri’ 
chloride; finally, the solution was diluted to give a concentration of 0.02 M, 


Oxidation of formic acid 

To a known amount of formic acid solution in an iodine flask, excess of cerium(IV\ 
solution and 0.5-I.0 ml of 1% potassium bromide solution were added. The fina 
solution was made 2 N in sulphuric acid. After about an hour, excess of 10% potassium 
iodide solution was added and the liberated iodine was titrated with standard sodium 
thiosulphate solution. A blank determination was run simultaneously on the sami 
amounts of ceric sulphate and potassium bromide without formic acid.The difference 
between the test and blank runs corresponds to the equivalents of cerium(IV) cont 
sumed by the formic acid. Different amounts of formic acid and ceric sulphati 
solution were examined as indicated in Table I. The amount of potassium bromid: 
was also varied; with insufficient concentrations of potassium bromide, the reactio= 
time was longer while with high potassium bromide concentrations low results wer 
obtained owing to loss of bromine. The results are given in the Table I. 


TABLE I 
Volume of Volume of Volume of 1% Time for Volume of 0.05 M 
0.02 M 0.05 M potassium bromide completion of cerium(IV) solution 1 
formic acid cerium(IV) solution solution the reaction consumed 
(ml) (ml) (ml) (min) (ml) 
1.0 2.0 0.5 45 0.80 
2.0 3.0 0.5 60 1.64 
5.0 4.0 1.0 80 3.98 
10.0 6.0 1.0 Boxe) 3-95 


Further oxidation of the photochemical oxidation products of certain hydroxy acids wit 
ceritum(LV) 


The oxidation of malic, tartaric and citric acids were carried to the formic acid stag 
photochemically as described earlier4. To the oxidation products 1.0 ml of 1° 
potassium bromide solution was added and the solution was set aside for a certai 
time before the excess of cerium(IV) was determined iodimetrically. Thus these acié 


can be oxidised in two stages to carbon dioxide and water. Table II shows the result 
of oxidation of these acids. 


TABLE II 
7 Volume of Equivalent. Votsne-of 

alae quivalents : Total 
; eggs’ 0.05 M per mole 1% dime fot equivalent 
ie ‘acid certum(IV) consumed in PORE gap hee of oxygen 
(ml) solution photochemical haat StL per mole 
(ml) oxidation ea 7 min) found 4 

oe 1.0 10 8 1.0 neyo) 11.98 

rote ga 1.0 10 6 1.0 100 10.00 
1.0 20 14 1.0 120 18.08 
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DISCUSSION 


It has been observed that formic acid can be oxidised stoichiometrically to carbon 
dioxide and water by cerium(IV) in presence of a small quantity of potassium 
bromide. The complete oxidation of those acids which are normally oxidised to the 
formic acid stage in absence of potassium bromide can also be brought about. In 
comparison to other procedures used for the oxidation of hydroxy acids by cerium(IV) 
where the oxidation does not proceed as far as the carbon dioxide stage, the present 
method has the advantage of yielding more definite products of oxidation. The 
method is preferable to that involving oxidation of formic acid by standard bromine 
or bromate—bromide solution because there is no possibility of bromine losses; 
bromine is generated in very low concentration and is immediately consumed. After 
the completion of the reaction an amount of bromine equivalent to the potassium 
bromide added remains in the solution and thus the oxidation may be considered 
to be brought about indirectly by cerium(IV). This bromine along with the unreacted 
cerium(IV) liberates an equivalent amount of iodine from potassium iodide. Hence 
the difference in the amount of iodine liberated by the solution containing formic 
acid and blank is equivalent to the amount of cerium(IV) used for the oxidation of 
formic acid. The method can also be used for the complete oxidation of those com- 
pounds which give formic acid as the product of oxidation with cerium(IV) under 
ordinary conditions. The method can also be applied to the complete oxidation of 
polyhydroxy alcohols and sugars, which will be described shortly. 


ACKNOWLEDGEMENT 


The authors express their thanks to Pror. K. P. HaLpER, Head of the Department 
of Chemistry, for his keen interest in this work. 


SUMMARY 


A method is proposed for the determination of formic acid by oxidation with cerium(IV) in pres- 
ence of potassium bromide. The method can also be used for the further oxidation of organic 
sompounds which yield formic acid under ordinary conditions with cerium(IV). 


RESUME 


Une méthode est proposée pour le dosage de l’acide formique, par oxydation au moyen de cérium 
TY), en présence de bromure de potassium. Les auteurs envisagent également le dosage des acides 
malique, tartrique et citrique. 


ZUSAMMENFASSUNG 


Beschreibung einer Methode zur Bestimmung von Ameisensaure durch Oxydation mit Cerium (IV) 
n Gegenwart von Kaliumbromid. Die Methode kann auch zur Bestimmung von Apfelsdure, 
Weinsaure und Citronensaure verwendet werden. 
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A NEW RAPID SEMIMICRO TITRIMETRIC DETERMINATION 
OF MERCURY 
KSHITISH CHANDRA SEAL 
Government Test House, Calcutta (India) 


(Received October 18th, 1960) 


The determination of total mercury, especially in mg amounts, remains a diffier 
problem. The direct titrimetric method for mercury by means of ammonium th: 
cyanate! is seriously affected by even small amounts of halide ions, which is a cc 
siderable drawback. A survey of the literature shows that although considerable we 
has been done on the determination of mercury in widely different materials, a gene: 
simple method applicable to most of its compounds, both inorganic or organic,’ 
not yet available. RoBINSON? separated mercury by precipitation with hypophe 
phorous acid and titrated it with iodine; in this determination, the conditions mu 
be strictly controlled and the results obtained are rather low. Recently BROOKEs A} 
SOLOMON? separated mercury from interfering substances by a distillation procedu 
in which a fused-silica distillation flask is used; the metal was then dissolved in nit 
acid and titrated with ammonium thiocyanate solution. The results obtained we 
comparatively low for small amounts of mercury. The present paper describes 
systematic investigation of a simple titrimetric method which is applicable to 
wide range of compounds and preparations containing small amounts of mercu: 
and is relatively free from interferences. 

This method, by which small amounts of mercuric ions (0.5 to 5.0 mg) can. 
determined accurately, is based on titration with potassium iodide solution in preser 
of sodium bicarbonate; potassium periodate is used as indicator. The reactions a: 


Hgt2 + 2I- > Hgle 
TOa- + 2I- + He2O > 103- + Ig + 20H- 


The end-point of reaction (1) is indicated by the colour imparted by iodine (2) 
carbon tetrachloride previously added to the mixture. A small amount of potassit 
or sodium chloride is added to the test solution to prevent the precipitation of m: 
curic periodate. 


EXPERIMENTAL 


; 
: 
Mercuric chloride solutions were prepared by weighing accurately small amounts 
the chemically pure (A.R.) salt and dissolving them in water. : 
- 
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Procedure for titrating mercury 


An aliquot of the mercuric chloride solution containing 0.5 to 5.0 mg of Hg was 
laced in a glass-stoppered 150 ml conical flask and diluted to about 80 ml with 
listilled water. Potassium chloride (ca. 0.1 g) was added. (This is not necessary if 
the sample solution is prepared with aqua regia or hydrochloric acid). If necessary, 
che solution was neutralised cautiously with sodium bicarbonate. Sodium bicarbonate 
5 g) was then added followed by 5 ml of a saturated solution of potassium meta- 
periodate and 3 ml of pure carbon tetrachloride. The volume of the solution was then 
diluted to approximately 100 ml with water and titrated with 0.or V potassium iodide 
solution added dropwise at a rate of about one drop per second from a microburette. 
Towards the end of the titration the solution was shaken for 5-10 sec between each 
addition. The end-point was indicated by the appearance of the free iodine colour 
in the organic layer. A blank test was always carried out under the same conditions. 
Jne ml of 0.or N potassium iodide is equivalent to 1.003 mg of mercury. The results 
are shown in Table I. 


TABED 


DETERMINATION OF MERCURY IN DILUTE MERCURIC CHLORIDE SOLUTIONS 


Mercury Potassium todide J Mercury Rrvor 

No. present o.or N found (mg) 
(mg) (ml) (mg) 

I 5.0 4.92 4.93 —0.07 
2 4.0 4.04 4.05 0.05 
3 3.0 3.04 3-05 +0.05 
4 2.5 2.52 2.53 -+0.03 
5 2.0 2.04 2.05 -+-0.05 
6 1.0 0.95 0.95 —0.05 
7 0.64 0.60 0.60 —0.04 
8 0.50 0.50 0.50 0.00 
9 0.32 0.35 0.35 + 0.03 


Procedure for decomposing insoluble mercury compounds (inorganic or organic) 


Method A. An amount of the substance containing 50-100 mg of mercury was 
veighed accurately into a dry 500-ml conical flask and ro ml of aqua regia was added. 


80°-90°) for about 10-15 min (30-40 min for organic compounds). The flask was 
hen cooled and the solution was diluted to about 200 ml with distilled water. The 
solution was boiled for 3-4 min, cooled and filtered, if necessary, into a 500-ml 
measuring flask. The residue, if any, was washed free from chloride and the filtrate 
was diluted to the mark with distilled water. An aliquot containing 4-5 mg of Hg 


nitric acid followed by treatment with chlorine water. We | 

Note. If the content of mercury is less than 50 mg, the digestion is carried out 
vith 5 ml of aqua regia, or with concentrated nitric acid and chlorine water ina 
50-ml conical flask, the volume is reduced by evaporation to remove excess acid 
the Hg content is less than 5 mg) and the final volume of the solution is diluted 


© 100 ml or 50 ml as necessary. 
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The results obtained for the determination of mercury in various inorganic con 
pounds are shown in Table II. 


TABLE II 


DETERMINATION OF MERCURY IN VARIOUS INORGANIC COMPOUNDS 


Mercury Mercury Eeyon 
ompound resent ‘ound 

ee oe - (ms) 
Mercuric oxide 5.0 4.92 —o.08 
Mercurous chloride 5.0 4.95 —0.05 
Mercuric sulphide 5.0 4.86 —o.14 
Mercuric nitrate 5.0 5.06 +0.06 
Mercuric sulphate 5.0 5.05 +0.05 


Effect of bromide and todide 


For obvious reasons, the present titrimetric method could not be applied in presen: 
of bromide and iodide. For the analysis of mercuric bromide or iodide, bromine ax 
iodine must be removed. Bromine can be removed by boiling the diluted solutis 
after digestion with aqua regia. The removal of iodine is not complete unless t1 
solution is evaporated just to dryness at 80°—90° or in vacuum. The results are show 
in Table III. 


TABLE III 


DETERMINATION OF MERCURY IN MERCURIC BROMIDE OR IODIDE 


Mercury Mercury Bivor Method of 
Compound p (aon ee (mg) evaporation 
Mercuric bromide 5.0 4.66 —0.34 
(Average of 2 results) 
4.0 3.76 —0.24 
(Average of 2 results) 
Mercuric iodide 5.0 4.81 —0.19 hot evaporation 
(Average of 2 results) 
4.0 3.66 —0.34 hot evaporation 
(Average of 2 results) 
2.0 1.86 —o.14 hot evaporation 
(Average of 2 results) 
5.0 4.89 —o.II vacuum desiccator 
4.0 3.88 —o,12 vacuum desiccator 
2.0 1.96 —0.04 vacuum desiccaton 
- | 


Determination of mercury in presence of impurities 


Copper(II), iron(III) and zinc do not interfere, if sufficient periodate is presen 
The results in presence of iron are somewhat low; better results are obtained 
potassium fluoride is added before the addition of bigitbotainh The results are shoy 
in Table IV. 

Lead interferes with the titration but good results can be obtained by the follow 
procedure. To the neutral test solution containing mercury (2-5 mg) and lead (0. 


pee 
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TABLE IV 
DETERMINATION OF MERCURY IN PRESENCE OF COPPER(II), IRON(III) OR ZINC 
Mercury Impurity Saturated Other substances Mercury 
No. present KIOs« solution added found ATE 
(mg) (2) (ml) (g) (mg) re 
I 5.0 0.05 of CuSOa:5 H2O0 20 — 4.92 —o.08 
2 5.0 0.10 of CuSO4:5 HsO 20 == 4.92 —o.08 
3 4.0 0.05 of CuSOa:5 H2O 20 — 3-91 —0.09 
4 4.0 0.10 of CuSOa4:5 H2O 20 — 3.91 —0.09 
5 4.0 0.05 of Fe(III) 25 — 3.61 —0.39 
6 4.0 0.05 of Fe(III) 25 2.5 of KF 3-91 —0.09 
7 5.0 0.05 of Fe(III) 25 2.5 of KF 4.91 —0.09 
8 5.0 0.1 of Fe(III) 25 5.0 of KF 5.02 +0.02 
9 4.0 0.05 of ZnSO,4:7 HzO 20 — 3.91 —0.09 
10 4.0 0.1 of ZnSOa:7 H2O 20 — 3.96 —0.04 


0.3 g), potassium chloride (0.3 to 0.5 g) was added followed by potassium dihydrogen 
phosphate (0.3 to 0.5 g). The solution was then titrated as usual after addition of 
bicarbonate. The results are recorded in Table V. 


GABLE, Vi 


DETERMINATION OF MERCURY IN PRESENCE OF LEAD 


Lead compound Potassium KH2PO4 Mercury Mercury 


Pb(NOs) 2 chloride present found Error 
(g) (g) (3) (mg) (mg) eae! 
0.15 0.3 0.3 2.0 1.90 —0.10 
0.25 0.3 0.3 2.0 1.95 —0.05 
0.15 0.3 0.3 4.0 3.90 —o.10 
0.25 0.3 0.3 4.0 3-90 —0o.10 
0.50 0.5 0.5 5.0 5.05 +0.05 
0.50 0.5 0.5 5.0 5-15 +0.15 


Moderate amounts of cations and anions such as Cat?, Mgt?, Al+8, SO4-2, AsO4-3, 
~HePO,- and NOs~ do not interfere. 
Organic mercury compounds have also been accurately analysed by this method. 
The results are compared with the calculated values of mercury obtained by other 
-methods and are shown in Table VI. 


TABLE VI 


DETERMINATION OF MERCURY IN ORGANIC COMPOUNDS 


Mercury Mercury Mean Reduents used 
as Sey fal Pm for decomposition 
thylmercuric chloride 3.56 3.56 3.70 0.14 aqua regia 
3.01 3.51 3.70 0.14 conc. HNOs, 
Cle water 
Phenyl mercuric chloride .O1 3.01 3.15 0.14 aqua regia 
ee 3.06 3.15 O.11 conc. HNOs, 
Cle water 
-Mercurochrome el 4:14 4.2% 0.07 aqua regia® 


4 The residue obtained by evaporation of 2 ml of a 1% solution of mercurochrome to dryness 
an be decomposed easily by digestion with 2 ml of aqua regia. 
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Proprietary brands of mercury-containing pesticides 


Owing to the difficulty of preparing small samples of pesticides accurately in tha 
laboratory, two proprietary brands were analysed by this titrimetric method. The 
results are shown in Table VII. 


TABLE VII 


DETERMINATION OF MERCURY IN PESTICIDES 


Mercury found 
- Mercury found by other Reagents used 
Matersal (%) methods for decomposition 
(%) 
Ceresan 2.81 2.84 aqua regia 
(Bayer) (Average of 2 results) 
2.87 — conc. HNO3 
(Average of 3 results) 
3.01 — conc. HNOs, 
(Average of 2 results) Cle water 
Agrosan GN 0.91 0.90 aqua regia® 


(I.C.I.) (Average of 2 results) 


a Satisfactory results were not obtained when this compound was decomposed with nitric acid‘ 


CONCLUSIONS 


The proposed titrimetric procedure for the determination of small amounts of mercury 
can be applied to a wide range of preparations. The method is especially advantageous 
for the assay of 0.or to 0.001% mercuric chloride solutions. The procedure is simpld 
and rapid, and the majority of preparations can be analysed in 15 to 30 min. With 
preparations containing organic substances, 40—45 min are required for analysis. 

The results obtained in all the analyses, except those for mercuric bromide op 
iodide, are well within the limits of error permissible in semimicro or micro analysis: 


SUMMARY 
Mercury(II) (0.5 to 5 mg) can be determined accurately by titration with potassium iodide 
solution in presence of potassium periodate and carbon tetrachloride as indicator. The simple and 
rapid method is applicable to many mercurial compounds and preparations; interferences are few: 

RESUME 
Une semi-micro méthode est proposée pour le dosage volumétrique du mercure(II), au moyen 
d’iodure de potassium. Ce procédé est simple et rapide. 
ZUSAMMENFASSUNG 


Beschreibung einer einfachen und raschen Halbmikro-Methode zur volumetrischen Bestimmung 
von Quecksilber(II) mit Kaliumjodid. ‘| 
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HYDRAZINE AS A TITRIMETRIC REAGENT IN IODOMETRY 


PAI ba 
K. S. PANWAR, N. K. MATHUR anp S. P. RAO 
Department of Chemistry, Jaswant College, Jodhpur (India) 
(Received October 19th, 1960) 


Direct and indirect iodometric procedures are very widely used both in inorganic and 
organic analysis! but the traditional methods possess certain disadvantages. Standard 
iodine solution can be prepared by direct weighing? but this is somewhat inconvenient 
and therefore standardisation of an approximate solution is usually preferred. Arsenic 
trioxide is a well-established iodimetric primary standard but its use is generally 
limited to the standardisation of iodine solution and the preparation of standard 
arsenite solution is laborious. Sodium thiosulphate solution? is commonly used for 
the determination of free iodine ; however, unless care is taken during its preparation, 
standardisation and storage, the reagent is not satisfactory. Moreover, there is a 
possibility of side-reactions owing to atmospheric oxidation and acid decomposition 
of the titrant. A general study of the disadvantages of thiosulphate, and to some 
extent sodium arsenite, has been made by Banxs?4. 

A survey of methods showed that previous work has aimed either at determining 
hydrazine? itself or at its use as a direct reductant®, Because of the limitations of 
arsenite and thiosulphate solutions an attempt has been made to study the general 
behaviour of hydrazine as a reagent in iodometric titrations. This is not a new appli- 
cation’ and no originality is claimed in this respect; however, we have studied the 
general use of the reagent in iodometry, as well as the optimum conditions for the 
iodometric determination of various substances. The direct and indirect determina- 
tions of a large number of substances are described below. 


EXPERIMENTAL 


Preparation, standardisation and stability of hydrazine solution 

Free hydrazine base itself is unstable® but its hydrochloride and sulphate salts are 
quite stable. Analytically pure® salts can be easily prepared by recrystallisation of 
the C.P. product from water. 
~ Ao.1 N solution of hydrazine was prepared by dissolving 2.6237 g of pure hydrazine 
hydrochloride (B.D.H.) in r 1 of glass-distilled water. The solution was stored in glass- 
stoppered bottles. Its concentration was checked by titrating against an iodine 
solution which had been standardised against sodium arsenite and bromate solution. 
The solution was highly acidic (pH 1.4 to 2) and was quite stable. The change in 
titre of the solution corresponded to only 0.05 ml of 0.1 N iodine solution when 100 ml 
were titrated after standing for a week. 
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General method for titrating excess or liberated iodine with hydrazine solution 

The reaction between hydrazine and iodine is slow in acid medium® but rapid ir 
presence of bicarbonate!® (pH 7 to 7.4); excess of bicarbonate should be avoidec 
because high results are obtained at high pH values owing to decomposition 0: 
hydrazine. A suitable amount of bicarbonate is 0.5-1 g per 25 ml of 0.1 N hydrazine 
solution. After iodine has been liberated from an aliquot of the test solution by adding 
potassium iodide in acid or neutral medium, the solution is neutralised with sodium: 
bicarbonate. The titration is then carried out in presence of a slight excess of bi- 
carbonate, the end-point being detected by the usual starch or starch glycollate indi- 
cator. Near the end-point the reaction is rather slow and the titrant must be addec 
slowly with stirring. If the colour of the starch—iodide complex is obscured by the 
presence of other coloured substances, the end-point can be detected by the potentio: 
metric ‘‘dead-stop”’ technique!!. Sargent’s Electrometric Titration Apparatus ‘Ampot’ 
with two similar platinum electrodes at an applied polarising potential of 20-30 mV 
was used in the present work. In presence of iodine the electrodes remain depolarisec 
as indicated by a current of 15-20 mA flowing through the cell. In presence of excess 
of hydrazine the electrodes are polarised and the current reduces nearly to zero. Botk 
the visual indicator method and the “‘dead-stop’”’ technique gave identical and re: 
producible results but the latter method is to be preferred because of certain dis: 
advantages of the starch indicator. 


Permanganate, dichromate and cerium(IV) 

In acidic medium dichromate, permanganate and cerium(IV) are reduced to definite 
lower valency states (Cr = 3, Mn = 2 and Ce = 3) by hydriodic acid, liberating 
equivalent amounts of iodine. After the free acid has been neutralised with bicarbonate: 
the liberated iodine can be titrated with standard hydrazine solution as describec 
above. Sufficient sample should be taken to consume 5-25 ml of 0.1 N hydrazine: 
when the results are precise to + 0.3 to (0.6%. 


Copper sulphate 


Iodine is liberated from solutions containing no free mineral acid by adding 1 g 07 
potassium iodide per 0.6 g of copper sulphate present. The reaction mixture is then 
neutralised and titrated as above. The results are precise to + 0.5%. . 


Chlorate 


To 10 ml of chlorate solution (ca. 0.2 N) are added 1 g of potassium bromide and 
20 ml of concentrated hydrochloric acid (the final acid concentration should be 8 N)} 
The flask is stoppered and allowed to stand for 5 min; ro ml of 10% potassium iodide 
solution are then added and the titration is completed as before. ; 


Bromate and iodate } 


Iodine is liberated from an aliquot of the test solution containing 0.5—2.5 mequiv. 
of bromate or iodate by adding 1 g of potassium iodide and sufficient hydrochloric 
acid, and the iodine is titrated as described earlier. In the case of bromate the reacti on 
is slow and the reaction mixture should be allowed to stand for 2 min before the 
liberated iodine is titrated. The results are precise to + 0.3 to +0.5%. i . 


Anal, Chim. Acta, 24 (1961) 541-545 


HYDRAZINE AS REAGENT IN IODOMETRY 543 


Periodate 


To a solution of periodate containing 0.5 mmoles of the salt, 20 ml of saturated 
borax solution containing 0.5 g of boric acid are added followed by 2 g of potassium 
iodide; the liberated iodine is titrated as described above. 


Hypochlorite and bleaching powder 


2 g of potassium iodide and ro ml of glacial acetic acid are added to the test solution 
and the liberated iodine is titrated as before. 


Selenite 


To 20 ml of approximately 0.05 N selenite solution are added 150 ml of water, 
15 ml of starch solution, ro ml of N potassium iodide and ro ml of 5 N hydrochloric 
acid. The reaction mixture is allowed to stand for 15 min to complete the reduction 
of selenite to selenium and then titrated after neutralisation. 


Hydrogen peroxide 

To a 25-ml portion of ca. 0.1 N peroxide are added ro ml of 4 N sulphuric acid and 
6 ml of N potassium iodide followed by 3 drops of ammonium molybdate solution, 
and the liberated iodine is titrated as before. If ammonium molybdate is not added 
as catalyst, the reaction mixture should be allowed to stand for 15 min in a closed 
vessel before titration. The method can also be applied to metallic peroxides. 


Ferricyamide and zinc 

To 25 ml of a solution containing ca. 0.1 g of ferricyanide are added 20 ml of 10% 
potassium iodide, 2 ml of 2 N hydrochloric or sulphuric acid and r5 ml of a solution 
containing 2 g zinc sulphate. Liberated iodine is then titrated after neutralisation. 
Zinc sulphate12 is added to prevent the back-reaction involving the conversion of 
ferrocyanide to ferricyanide. 

By suitable modification, i.e. by employing an excess of ferricyanide and a definite 
amount of zinc solution, the method can also be employed for the determination of 
zinc. 


Manganese dioxide 

To a suspension of 150 mg of the powdered dioxide and 20 ml of 4 N phosphoric 
acid in a glass-stoppered flask is added sufficient bicarbonate to remove air followed 
by 1.5 g of potassium iodide. The flask is allowed to stand till all the dioxide has 
- dissolved. The liberated iodine is then titrated as usual after neutralisation with 


sodium bicarbonate. 


Sulphide, sulphite, phosphite and nitrite 

Sulphide, sulphite, phosphite and nitrite are oxidised in acidic medium by standard 
iodine solution to sulphur, sulphate, phosphate and nitrate respectively but iodate— 
iodide mixture is preferable as a source of iodine. The solution containing 2.5 mmoles 
_ of the salt is mixed with the iodate—iodide mixture and then acidified. The excess io- 
dine is then titrated as usual after standing for some time. 
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Mercurous mercury 

To about 240 mg of mercurous chloride 25 ml of 0.1 N iodine and r g of potassium: 
iodide are added and the mixture is shaken till the precipitate dissolves completely. | 
It is then titrated as usual after neutralisation. 


Ferrous 1von 

To the ferrous solution are added 5 ml of 4 N sulphuric acid and sufficient sodium: 
bicarbonate to remove air from the flask; 5 g of powdered sodium pyrophosphate? ' 
are then added and the mixture is stirred till all the salt has dissolved. Iodine is then: 
added and back-titrated after standing for a few seconds in the usual way. 


Ferrocyamde 

To about 25 ml of a solution containing 5-25 mmoles of ferrocyanide in an Erlen-- 
meyer flask, are added 25 ml of 10% disodium monohydrogen phosphate solution, 
25 ml of 20% acetic acid and 25 ml of 0.1 N iodine solution. The reaction mixture is: 
then left in the dark for about 15-20 min and excess of iodine is titrated as usual. 


Mercuric mercury 

To 200 mg of mercuric chloride, 1-2 g of potassium iodide are added and shaken till | 
the precipitate dissolves; ro ml of 4 N sodium hydroxide solution and 3 ml of 35%, 
formaldehyde are then added with continuous shaking, followed by ro ml of water. . 
After 2 min 10 ml of acetic acid and 25 ml of 0.1 N iodine solution are added. The: 
reaction mixture is shaken till all the mercury dissolves and then excess of iodine is: 
titrated after neutralisation. 


DISCUSSION ’ + 
é 


The quantitative reaction of hydrazine and iodine is well established and in presence: 
of a slight excess of sodium bicarbonate (pH = 7.4) the reaction proceeds rapidly, 
and smoothly. The present study has shown that hydrazine can also be used for the: 
titration of iodine liberated from iodide by certain oxidants such as permanganate, 
dichromate and cerium(IV), as well as for the determination of excess of iodine left 
after the oxidation of certain reductants. 

It has been established that the reduction products of certain oxidants, i.e. Mn*?, 
Crt8, Ce+8, Znt2, Se, Cusle, Cl-, Br-, I-, and oxidation products of certain reductants, 
1.e. Fet8, S, SOs-2, NOs~, POa~3 etc. do not interfere in the hydrazine—iodine reaction. 
Hydrazine can therefore be recommended as a suitable reagent in the iodometric. 
determination of these compounds. Interference was observed in two cases, i.e. when 
ferric or ferrocyanide ions are present but this can be eliminated by complexing viel 
phosphate or zinc ions respectively. Additional advantages of hydrazine salts are their 
availability in an analytically pure form which can be used as a primary standard, 
the stability of their solutions and the uniform conditions of the reaction with iodine. 
The disadvantage is that the cost of the reagent is higher than that of sodium thio- 
sulphate. Iodometric determinations of other compounds, including organic sub- 
stances, is under investigation and the results will be communicated shortly. 
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SUMMARY 


The preparation, standardisation and stability of hydrazine solution is described. The optimum 
conditions for the titration with hydrazine solution of pure iodine solution of iodine liberated from 
oxidants and of excess of iodine left after oxidation of certain reductants have been determined. 
The advantages of hydrazine over other iodometric reagents are discussed. 


RESUME 


L’hydrazine peut étre utilisée comme réactif pour le titrage iodométrique de nombreuses substan- 
ces. Dans cette premiére partie, les auteurs ont examiné la préparation, l’étalonnage et la stabilité 
des solutions d’hydrazine. 


ZUSAMMENFASSUNG 


Beschreibung der Herstellung, Standardisierung und Stabilitat von Hydrazinlésungen, deren 


Titration mit Jodlésung und Anwendung bei der Bestimmung von Oxydations- und Reduktions- 
mittel. 
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REDOX INDICATORS IN INDIRECT TITRATIONS OF ANIONS 
DETERMINATION OF PHOSPHATE IONS BY MEANS OF 
LEAD NITRATE 


Z. GREGOROWICZ, D. MAZONSKA anp D. PRAJSNAR 
Department of Inorganic Chemistry, Silesian Technological Institute, Gliwice (Poland) 


(Received November 2nd, 1960) 


INTRODUCTION 


Titration of phosphates is normally accomplished by complexometric or alkalimetric: 
methods. However, recently, it was proposed that anions could be titrated indirectly, 
by means of lead(II) nitrate in presence of redox indicators! the excess of lead being: 
titrated with potassium ferrocyanide. Determinations of sulphate? and chromate* 
ions are also possible on this basis. 

In the present paper, a similar indirect determination of phosphate ions is described. 
Excess of lead ions are titrated with potassium ferrocyanide solution in presence of! 
variamine blue as a redox indicator. Previously, the same redox indicator4 was: 
used in the direct determination of phosphate ions with ferric nitrate, but this: 
procedure does not give very accurate results and has many drawbacks. 


EXPERIMENTAL 
Reagent 
1% Variamine blue solution (4-amino-4’-methoxydiphenylamine-acetate) in 20%| 
acetic acid 


Procedure 


Two alternative methods are available: 
(a) To the test solution of phosphate 2 ml of r N ammonium acetate, 2 ml of 
1 N acetic acid and several ml of methyl alcohol were added. After this solution had. 
been heated to boiling, excess of 0.1 N lead(II) nitrate was added dropwise with 
mechanical stirring. For high concentrations of phosphate ions 1 N lead nitrate: 
solution was used. The solution was again boiled (to coagulate the precipitate) and 
then cooled, and the precipitate was filtered on a G4 crucible. It was then washed 
with an aqueous solution of methyl alcohol in such amounts that the final volume 
before titration was 100 ml and the methyl alcohol content amounted to 25%. 
The filtrate was heated to about 60° and 3 drops of variamine blue solution and 
one drop of 0.1 N potassium ferricyanide were added. The sample was titrated with 
0.1 N potassium ferrocyanide until the violet-blue colour changed to a permane 
pale yellow; mechanical stirring was used. 1 
(0) In the second method, the precipitate was not filtered. Otherwise the phos 
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phate was determined as given in method (a), the same volume of solution (100 ml) 
and the same methyl alcohol content being used. 


The same results were obtained in both cases. 


Effect of foreign ions 


Di- and trivalent cations interfere because they form insoluble phosphates and 
cannot be removed with alkali metal carbonates. Univalent cations interfere when 
their amount is greater than 5 times that of the excess of lead nitrate?. Anions which 
form precipitates with lead nitrate in presence of acetic acid also interfere. 


DISCUSSION OF RESULTS 


The influences of dilution and of the methyl alcohol content were tested. Under 
optimal conditions the reproducibility of results for the range 10-150 mg of phosphate 
is approximately 1.5%. The .ferrocyanide solution must be standardized under 
identical conditions. 

The results obtained by this titrimetric method agree with those of gravimetric 
determinations of phosphate as magnesium pyrophosphate (Table I). 


TABLE I 


GRAVIMETRIC AND TITRIMETRIC DETERMINATION OF PHOSPHATE IONS 


Determination Error 
Sample Gravimetric Titrimetric® mg % 
mg mg 
I 178.5 175.0 —3.5 —1.96 
2 176.3 174.0 —2.3 —1I.30 
3 176.1 174.0 —2.1 —I.19 
4 176.0 174.0 —2.4 —1I.10 
5 175.1 174.0 —I.1 —0.63 


a The volume of solution taken was only a fifth of that used for the gravimetric method. 


SUMMARY 


An indirect titration of phosphate with lead(II) nitrate solution is proposed; excess of lead is 
titrated with potassium ferrocyanide in presence of variamine blue as redox indicator. 


RESUME 


Une méthode a été mise au point pour le dosage volumétrique indirect des phosphates parle plomb, 
dont on titre l’excés au moyen de ferrocyanure de potassium. 

ZUSAMMENFASSUNG 
Beschreibung einer volumetrischen Methode zur Bestimmung von Phosphat mit einer Bleisalzl6- 
sung, deren Uberschuss mit Kaliumferrocyanidlésung zuriicktitriert wird. 
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The reactions of several types of chelating agents with the rare earths have bee: 
investigated in recent years. Among the more important ligands that form chelate 
with the rare earths are dicarboxylic acids!, amino acids?, aminopolycarboxyli 
acids®.4, 6-diketones®, cupferron®, neocupferron®, and 8-hydroxyquinoline and som 
of its derivatives’. Some workers have claimed that most of the rare earths form I : | 
chelates with 8-hydroxyquinoline?:8. However it has subsequently been shown the 
it is quite difficult to prepare rare earth oxinates having the expected 1 : 3 stoichid 
metry?. This is probably due to the contamination of these metal chelates with bas: 
hydrolytic products of the rare earth cations. 

Although 8-hydroxyquinoline and 4-hydroxybenzothiazole have similar chellf 
forming functionalities, the latter is more selective since it will not react with titaniunr 
vanadium, molybdenum and tungsten?°. The investigation of the chelating tendencié 
of 4-hydroxybenzothiazole towards the rare earths is an extension of the previov 
work carried out in this laboratory in order to evaluate the factors that give rise t 
the selectivity of 4-hydroxybenzothiazole!!. 


EXPERIMENTAL 
Preparation of metal solutions 


Stock solutions of the lanthanides were prepared by dissolving weighed amounts ¢ 
metals or their oxides in nitric acid and diluting to an appropriate volume with wate: 
Table I gives the purity of the materials used. The solutions were not standardizec 


TABLE I : 


t 
PURITY OF METALS AND METAL OXIDES USED bs 


Metal or metal oxide % Purity 


Y2QOs, PreOu, Nd2Qs, TbaQOz, 


EreOs, Tm2Osz, Yb2Os, LuzO3 99.9 
La, Gd 99.6 
Ce 98 
Sm 
99.97 

Eu203 99.8 
Dy 99.5 
Ho 99.3 
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Hydrolysis of metal nitrates in 50% v/v ethanol—water 


A measured volume of the metal nitrate solution was made up to contain 50% v/v 
of ethanol and titrated with 0.1 M carbonate-free sodium hydroxide at 25 + 0.2°. 
The solution was first degassed with nitrogen and an atmosphere of nitrogen was 
maintained in the titration vessel throughout the titration. After the excess acid in 
the metal nitrate solution was neutralized, the standard sodium hydroxide was added 
in small increments (0.1-0.2 ml). A volume of ethanol equal to the volume of the 
standard base was added after each increment, in order to maintain the ethanol— 
water ratio at 50% v/v. The px of the solution was measured not less than 10 min 
after each addition of standard base in order to ensure that equilibrium was reached. 
All pH measurements were made with a Beckman Model G px meter equipped with 
a glass—saturated calomel electrode pair and calibrated with buffer solutions at pH 
4.00 and 7.00. From the titration curves obtained, the pH values at which the metal 
ions hydrolyzed could be determined. 


Preparation of metal chelates 


The preparation of 4-hydroxybenzothiazole has been published!!. A 0.1-M solution 
of 4-hydroxybenzothiazole in ethanol was added to the metal nitrate solution. The 
resulting solution contained about 50% v/v of ethanol and a 4 : I ratio of 4-hydroxy- 
benzothiazole: metal ion. The px of the solution was raised slowly and with stirring 
by the dropwise addition of I: 1 ammonia. The pH at which the first permanent 
precipitate was obtained was noted and 2 to 3 drops more of ammonia solution was 
added. In all cases the pH at which the metal chelate precipitated was below the pH 
at which hydrolysis of the metal ion occurred. The resulting solution was warmed on 
a water-bath until the precipitate coagulated. The solution was filtered and the pre- 
cipitate washed with water and ethanol. The chelates were dried in a vacuum desic- 
cator to constant weight and analyzed. 


Titrimetric determination of 4-hydroxybenzothiazole 


A weighed amount of 4-hydroxybenzothiazole was dissolved in 2 N hydrochloric 
acid and a measured excess of standard potassium bromate—bromide solution added, 
the excess being determined iodometrically with starch as the indicator. The precision 
and accuracy obtained in this bromometric titration of 4-hydroxybenzothiazole was 
unsatisfactory, especially for the titration of small quantities of 4-hydroxybenzothia- 
zole. All determinations were subsequently carried out using an amperometric indi- 
cator circuit for the detection of the end-point?®. 

A stock solution containing 0.15 mg of 4-hydroxybenzothiazole per ml was made 
in t N hydrochloric acid. An aliquot of this solution was added to the titration vessel 
together with x g potassium bromide. The total volume was made up to about 4o ml, 
sufficient hydrochloric acid being present in the solution to make the solution about 
1 N in hydrochloric acid. The titrant was 0.002 M potassium bromate in 0.1 M 
potassium bromide. A rotating platinum microelectrode, rotated with a Sargent 
synchronous motor, was used as the indicator electrode. This indicator electrode and 
a standard calomel electrode were placed in the titration vessel, and short-circuited 
through a microammeter. The potential of the saturated calomel electrode was suffi- 
ciently negative for the current in the indicator system to be proportional to the amount 
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of free bromine in solution. A plot of current vs. volume of titrant gave an L-shaped 
titration curve from which the end-point was readily located. No correction for ¢ 
blank titration was applied, since this was negligibly small. In all titrations a correc 
tion was made for the volume change that occurred during the titration. 


Titrimetric determination of 4-hydroxybenzothiazole chelates 

A weighed amount of the chelate was dissolved in 12 N hydrochloric acid anc 
diluted to an appropriate volume in a volumetric flask with distilled water. Aliquot: 
of this solution were used for the bromometric titration as described for 4-hydroxy; 
benzothiazole. All solutions titrated were about 1 N in hydrochloric acid. The result: 
obtained are given in Table II, each result being the average of 2-4 determinations 


TABLE II 


TITRIMETRIC DETERMINATION OF THE RARE EARTH CHELATES OF 4-HYDROXYBENZOTHIAZOLE 


Metal % Ligand found % Ligand calculated for x :3 chelate 


La 76.10 70.42 
Pr 73.63 7O a7 
Nd 75:20 75-74 
Sm 72-53 74:97 
Eu 74.10 74.76 
Gd 71.26 74.12 
Tb 73.82 73.91 
Dy 67.61 73.48 


Gravimetric determination of 4-hydroxybenzothiazole chelates 

The rare earth chelates of 4-hydroxybenzothiazole were ignited in a Pregl micro: 
muffle furnace and weighed as the oxides. The results of several determinations aré 
averaged and given in Table III. 
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nfrared spectra of 4-hydroxybenzothiazole chelates 


All spectra were recorded with a Perkin Elmer Model 21 double-beam spectro- 
hotometer equipped with sodium chloride optics, employing Nujol mulls of the 


netal chelates. The infrared spectra obtained are shown in Fig. 1 and summarized 
n Table IV. 


RESULTS 


ince the solubility of 4-hydroxybenzothiazole in water was low, a solution of the 
ompound in ethanol was used for precipitating the chelates from aqueous solutions 


Ce 
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Fig. 1. Infrared spectra of the rare earth chelates of 4-hydroxybenzothiazole. 
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TABLE III 


MICROGRAVIMETRIC DETERMINATION OF THE RARE EARTH CHELATES OF 4-HYDROXYBENZOTHIAZOi 


Metal % Metal found % Metal calculated for 1:3 chelate 


Ce 24.46 23.73 
Pe 20.99 23.83 
Nd 24.43 24.26 
Sm 23-73 25-03 
Eu 24.95 25.24 
Gd _ 24.82 25.88 
Tb 21.46 26.09 
Dy 24.16 20.52 
Ho 26.76 26.81 
Er 26.92 27.08 
Tm 27.37 27.28 
Yb 29.94 27.76 
Lu 27.79 27.98 
TABLE IV 


INFRARED SPECTRA OF RARE EARTH CHELATES OF 4-HYDROXYBENZOTHIAZOLE 


Metal chelate Strong cm-* Medium cm-1 Weak cm-1 
La 1553, 944, 765, 1276 1310, 1148, 1294 707 
Ce 1555, 1278, 946 1312, 1148 1296, 718 
Pr 1558, 946, 1278 1310, 766, 1296 718 
Nd 1560, 1280, 947, 767 1312 1298, 1150, 827, 805, 719 
Sm 1560, 1278, 945, 764 1313, 1147 1294, 826, 805 
Eu 1560, 1280, 947, 766 1317, 1150 1298, 807, 746, 717 
Gd 1563, 1280, 948, 766 1317, 1150 1297, 806, 738, 719 
Tb 1560, 947,1277, 765 1318, 1150 1298, 881, 827, 800, 738, vps | 
Dy 1562, 1277, 947 1316, 765 1294, 736, 717 
Ho 1560, 1278, 947 1318, 1146, 763 1293, 883, 733, 718 t 
Er 1563, 1277, 950, 765 1320, 1150 1295, 883, 805, 732 
Tm 1563, 1278, 948 1320, 1148, 764 1293, 885, 734, 718 
Yb 1565, 950, 1276 1323, 1150, 765 1295, 805, 732 
Lu 1565, 1278, 952 1320, 1148, 763 1295, 733, 718 


of the rare earth nitrates. In all cases the maximum concentration of ethanol in th 
solution was 50% v/v. In order to prevent coprecipitation of any hydrolysis produc 
of the rare earths during the precipitation of the metal chelates, the px of the ethano: 
water solutions was not allowed to exceed the pH at which hydrolysis occurred. TI 
latter pH values were determined from the titration curves for the hydrolysis of 

rare earth nitrates in 50° ethanol—water solutions. The pH values reported by Mog 
LER AND KrEMERs!8, at which the hydrolysis of rare earth nitrates in aqueous s 

tions occurred, were confirmed. Also the pH at which hydrolysis occurred decreas 
as the atomic number of the metal increased. Therefore all rare earth chelate prec ; 
tations were carried out below a pH of 6.0. In most cases a permanent precipitat 


a rare earth chelate with 4-hydroxybenzothiazole was formed at a pH between | 
and 5.5. 
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It was found necessary to devise a method for the determination of 4-hydroxy- 
enzothiazole in its chelates. A bromometric titration based on the formation of the 
»7-dibromo compound!‘ was found to be unreliable if starch solution was used as 
he indicator. However using an amperometric indicator system it was found that a 
.5°10~4 M solution of 4-hydroxybenzothiazole could be titrated with an error of less 
han 1%. This method was employed for the determination of 4-hydroxybenzothiazole 
n some of its rare earth chelates. The results are summarized in Table IT. 


DISCUSSION 


‘rom the analytical results shown in Table IT it is probable that most of the rare earth 
hhelates of 4-hydroxybenzothiazole have a 1 : 3 metal : ligand ratio although there 
ure several cases in which the data are difficult to interpret. Both titrimetric and 
sravimetric methods give low results for the chelates of Pr, Dy, Gdand Sm. It is possible 
hat in these cases a definite number of moles of water are associated with the chelates. 
Any attempts to remove this water by drying at elevated temperatures resulted in 
he decomposition of the chelates. If it is assumed that three moles of water are 
issociated with the Dy chelate and two moles of water with the Gd and Sm chelates, 
he calculated values in Tables II and III agree reasonably well with experimental 
values. On the other hand it is quite possible that in the case of Pr, anon-stoichiomet- 
ic complex was formed since PreO11 was the source of the praseodymium ion which 
nay have existed in solution in more than one oxidation state. The low result obtained 
sravimetrically for the percentage of Tb in its chelate was probably due to a mixture 
yf oxides formed when the chelate was ignited in the micromuffle furnace. The titri- 
netric method using an amperometric indicator circuit gave poor results for the chelates 
yf Ce, Ho, Er, Tm and Yb. It was found that errors of about 10°% were obtained and 
n addition there was considerable difficulty in locating the end-point in the titration 
n the presence of these rare earths. 

It has become apparent from this work that 4-hydroxybenzothiazole is not a partic- 
ularly suitable reagent for either the separation or determination of the rare earths. 
Most of the rare earth chelates are precipitated in approximately the same pH range 
ind it is evident that it is quite difficult to prepare stoichiometric complexes and also 
0 avoid coprecipitation of hydrolysis products of the rare earths. In spite of the fact 
hat the pH at which these chelates were precipitated was below the pH at which 
rydrolysis occurred, it is nevertheless possible that some contamination with hydro- 
ytic products of the metal ions may have been obtained. 

The infrared spectra of the chelates of the elements in the first transition series 
vith 4-hydroxybenzothiazole were examined and empirical assignments made for the 
‘—O vibrations in the chelates!!. It was therefore of interest to determine whether 
hese assigned frequencies could be located in the infrared spectra of the rare earth 
helates. On the basis of the shifts of the C—O vibration frequencies in the transition 
netal chelates, it was found possible to make certain qualitative predictions concern- 
ng the stability of these chelates!!. A similar attempt was made to correlate the che- 
ate stability with shifts in the C—O vibration frequencies in the rare earth metal 
helates of 4-hydroxybenzothiazole. Fig. 1 and Table IV give the results obtained. 

The infrared spectra of the rare earth chelates are very similar to one another, as is to 
e expected, if all the compounds contain a 1:3 metal :ligand ratio. The strong band 
etween 1555 cm-! and 1565 cm~! as well as the band of medium intensity between 
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1310 cm-! and 1320 cm~! can be attributed to C—O vibrations in these chelates? 
The positions of these bands are shifted by only ro to 15 cm~? in going from the lar 
thanum to the lutecium chelate. This is an extremely small shift corresponding to a 
energy difference of 30-45 cal and any correlations that can be made would f 
fortuitous. However it can be seen that there is a general tendency for this band 1 
shift to higher wave numbers with increasing atomic weight or atomic number. Thi 
is suggestive of the fact that there may be little change in the stability constants « 
the chelates of the metals in this series, and the changes if any would tend to make tk 
rare earths of higher atomic number form more stable chelates than those of lowe 
atomic number. 
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SUMMARY 


The rare earth chelates of 4-hydroxybenzothiazole have been prepared and analyzed by a titi 
metric method as well as a microgravimetric method. The infrared spectra of these chelates hax 
been determined. 


RESUME 


Les auteurs ont effectué une étude sur les chélates de lhydroxy-4-benzothiazole obtenus avi 
les terres rares. 


ZUSAMMENFASSUNG 


Beschreibung einer Untersuchung iiber die Chelate der seltenen Erden mit 4-Hydroxybenzothiaze 
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MICRODOSAGE COLORIMETRIQUE DU BORE EN MILIEU AQUEUX, 
AU MOYEN DE REACTIFS A GROUPEMENT AZOIQUE OU IMINE 
DERIVES DES ACIDES H ET K 


R. CAPELLE 
Paris (France) 


(Recu le 4 octobre 1960) 


Les réactions servant au dosage colorimétrique de petites quantités d’acide borique, 
trés sensibles et spécifiques, ont généralement toutes le défaut de ne pouvoir étre 
développées en milieu aqueux, et la pollution par l’humidité des milieux réactionnels 
peut, en certains cas, fausser gravement les dosages. 

On s'est proposé d’étudier les réactions colorées permettant le micro-dosage colori- 
métrique du bore en milieu aqueux; elles sont peu nombreuses et ne semblent guére 
avoir été utilisées jusqu’ici: a citer celle a l’acide chromotropique mentionnée par 
KUEMMEL ET MELLON!, encore que la sensibilité de cette réaction semble étre assez 
moyenne. 

Le présent travail a pour origine les réactions colorées indiquées par KORENMAN2, 
KORENMAN ET SHOGANOVA3, POLUEKTOV ET NIKoNovA‘. Ces auteurs envisagent, il 
est vrai, quelques réactions colorées, au reste classiques, que donne l’acide borique, 
en milieu aqueux et alcalin, avec l’aluminon ou avec des dérivés hydroxy-anthra- 
quinoniques (alizarine, quinalizarine, etc.) ; la sensibilité de tels réactifs est faible, la 
dilution limite est seulement I pour 10,000, et atteint rarement I pour 100,000. II 
n’en sera pas traité dans ce qui suit: les réactifs opérant en milieu aqueux et acide 
présentent, en effet, un intérét beaucoup plus net. 

Sont rappelées ci-aprés les régles établies expérimentalement par POLUEKTOV ET 
Nixonova4, s’agissant de la structure des réactifs qui donnent des colorations en 
milieu aqueux acide. Ceux-ci résultent de la combinaison des acides amino-« naphtol- 
disulfoniques avec un phénol par l’intermédiaire d’une fonction azoique ou d’une 
fonction imine. 

Ne réagissent pas avec l’acide borique, les oxyazoiques contenant un seul hydroxyle 
ou encore plusieurs hydroxyles sur le méme noyau, par exemple: le dérivé obtenu 
a partir de la m-nitroaniline diazotée avec le phénol. 

Ne réagissent pas non plus avec l’acide borique, les azoiques oti deux hydroxyles 
sont dans deux noyaux différents, en ovtho par rapport au groupement azoique, par 
exemple: le dérivé obtenu a partir de l’acide amino-1-naphtol-2-sulfonique-4 et 
de la résorcine. 

Par contre, donnent une réaction colorée avec l’acide borique les azoiques compor- 
tant dans un noyau naphtalénique un OH en péri par rapport au groupement azoique, 
et sur l’autre noyau (naphtalénique ou phénylé) un OH en ortho. La réaction consiste 
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en un virage, qui a lieu par chauffage en milieu acétique a 80-100°, puis refroidisse- - 
ment. Il s’agit vraisemblablement d’une chélation par le bore, portant les oxydriles, 


par exemple: 
ED, 
Ce oR =N: <> NZ y 
ee meats i PP 
—OH OH = ami 


ae 


Dans les réactions colorées obtenues avec les réactifs du type azoique l’on peut, selon | 
KORENMAN?2:3, POLUEKTOV ET NIKoNovA4, remplacer le groupement azoique par le: 
groupement imine, il s’agit alors des réactifs du type azométhine. Les mémes regles, , 
quant a la place des fonctions phénoliques et des fonctions azotées valent dans lun} 
et l’autre cas. 

On obtient de tels composés en condensant par exemple les acides H ou K avec: 
laldéhyde salicylique: 


SO3H 
H 


| H 
Het eee ee 
Sk LO 
< >-0n OH HoH OH 


SO3sH SO3sH. 


Le réactif de KorENMAN s’obtient en mélangeant 1 volume de solution alcoolique: 
a 5% d’aldéhyde salicylique avec 13 volumes d’une solution aqueuse d’acide H ou) 
d’acide K 41%. A 2.5 ml d’une solution aqueuse contenant de l’acide borique, ajouter:! 
2 ml d’acide acétique N et 0.5 ml du réactif précédent: une coloration jaune intense: 
apparait, alors que le témoin obtenu dans des conditions identiques, mais sans addi-: 
tion d’acide borique, reste coloré en jaune pale. A remarquer que la base de Schiff! 
obtenue par condensation de l’acide anthranilique avec l’aldéhyde salicylique donne: 
également une réaction colorée jaune avec le bore, mais la sensibilité en ce cas est! 
faible et la dilution limite est de 1/10,000 seulement (KORENMAN?)3), 


=O OH 


KOULBERG ET BADEVEVA® ont synthétisé et isolé le réactif de KORENMAN et abouti 
aux composés purs résultant de la combinaison des acides H ou K avec l’aldéhyd 
salicylique*, Le mécanisme de la réaction colorée des azométhines est selon ces auteurs 
différent de celui de la réaction que donnent les réactifs a groupement azoiqu 


* Que l’on appellera pour simplifier Azométhine H ou K. 


o-0- 
a) 
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Alors que l’acide borique provoque un virage de la coloration des réactifs azoiques, 
en revanche il ne fait qu’accentuer la coloration initiale des azométhines. 


Ainsi en solution aqueuse l’azométhine H par exemple se dissocierait selon le 
schéma: 


SO3H. SO3H. 
3 a Oz 


SO3H SO3H 


Or, en solution aqueuse, seule l’azométhine H est colorée en jaune, alors que l’acide H 
et Valdéhyde salicylique sont pratiquement incolores. En l’absence d’acide borique 
ces deux produits ne se combineraient l’un a l’autre que trés lentement par suite de 
la position des groupements fonctionnels en ortho, et de la nécessité de la rupture des 
liaisons hydrogéne de l’acide H et de l’aldéhyde salicylique. En présence d’acide 
borique, celui-ci formant facilement des esters avec les fonctions phénoliques, les 
groupements — NH» et — CHO se trouvent libérés et pourraient ainsi se combiner 
entre eux plus aisément. En définitive, l’acide borique agirait comme un catalyseur 
qui permettrait a l’équilibre ci-dessus décrit, de se déplacer de droite a gauche, et 
par suite de condenser l’azométhine, seule substance colorée. 

En résumé, les réactifs en question sont des colorants résultant de la combinaison 
des acides amino-naphtoldisulfoniques avec des polyphénols par l’intermédiaire d’une 
fonction diazotée, ou avec des aldéhydes comportant un groupement phénolique par 
Vintermédiaire d’une fonction iminée. Plus particuliérement, ont été retenus par les 
auteurs soviétiques* § les acides H et K combinés avec les substances que mentionne 
le Tableau I ci-aprés; la réaction est un virage du jaune ou du jaune orangé au 
rouge ou rouge violet pour les colorants azoiques, et une accentuation de la coloration 
du jaune au jaune plus foncé pour les colorants azométhines. Exemples: 


CHs SO3sH 


| * 
N= xX >-0H HOS -N = N-<>-oH Pa ge jx » 
< >-on OH 


H. 

| 
>on OH 
H 


Vint 

a 

SO3sH SOsH 

TABLEAU I 

Azoiques Azométhines 

Acide H et résorcine Acide K et résorcine Acide H et aldéhyde 
Acide H et orcine Acide K et orcine salicylique A 
Acide H et phloroglucine Acide K et aldéhyde 
Acide H et pyrogallol salicylique 


Acide H et B-naphtol 
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MICRODOSAGE DU BORE A L’AIDE DES REACTIFS DU TYPE AZOMETHINE 
L’étude des réactifs de ce groupe résulte de la technique semi-quantitative de KoREN-' 
MAN2:3, 

A 2.5 ml de la solution neutre de bore a étudier, ajouter 2 ml d’acide acétique M\ 
et 0.5 ml d’un réactif formé d’un volume de solution alcoolique a 5% d’aldéhyde: 
salicylique et de 13 volumes d’une solution aqueuse a 1% d’acide amino-8-naphtol-r- 
disulfonique-3,6 (acide H) ou d’acide amino-8-naphtol-1-disulfonique-3,5 (acide K)., 
L’acide borique provoque une coloration jaune intense, l’essai témoin exempt de bore‘ 
étant coloré en jaune pale. 

La méme réaction est obtenue en remplacant le mélange d’acide H (ou K) et d’al-. 
déhyde salicylique par le produit cristallisé résultant de leur combinaison (azométhine: 
H ou azométhine K) selon KOULBERG ET BADEVEVA®. 

On s’est attaché partant de la, a étudier ces réactions dans le domaine quantitatif.: 
A titre d’indication, des quatre étudiés, le réactif a l’azométhine H présente l’intérét' 
le plus grand. 


Maténel utilisé 


Il est fait usage de matériel en silice. Les mesures photométriques sont faites au; 
moyen du spectrophotometre Jean et Constant. 


Réactif a Vazométhine H 
Synthese de Vazométhine H* 

Dissoudre 18 g d’acide H dans un litre d’eau distillée. Tiédir pour faciliter la dis- 
solution. Filtrer. Neutraliser en versant goutte a goutte une solution d’hydroxyde de: 
potassium a 20% jusqu’a virage au Rouge Congo (essai a la touche). Puis réacidifier: 
légérement en versant goutte a goutte de l’acide chlorhydrique au demi jusqu’a: 
acidification au Rouge Congo (essai a la touche avec virage au bleu trés franc). 
Ajouter un excés de 15 ml d’acide environ (pour avoir un pH de 1.5-3.0). Placer la 
solution sous un agitateur mécanique et verser goutte a goutte 20 g d’aldéhyde sali- 
cylique fraichement distillé. Agiter énergiquement pendant une heure. Laisser déposer: 
le fin précipité orangé d’azométhine H pendant une nuit. Filtrer sur entonnoir de 
Buchner. Laver plusieurs fois a l’alcool éthylique, puis a l’éther. Sécher a 1’étuve 
(g0-105°) jusqu’a poids constant. 

L’azométhine H est une poudre légére d’un orangé clair; elle se décompose a 300° 
en dégageant de l’aldéhyde salicylique. Elle est soluble dans l’eau, assez peu soluble 
dans l’alcool méthylique ou éthylique, et insoluble dans |’éther, le benzéne, le toluéne, 
le chloroforme, l’acétone, le tétrachlorure de carbone. 

Le produit étant légérement hygroscopique doit étre conservé sit6t aprés étuvage en 
flacon soigneusement bouché placé lui-méme si possible dans une cage a dessiccation. 


Mode opératoire 
Réacti}s 


Acide sulfurique (d = 1.83) dilué au cinquiéme (I: 4) avec de l'eau distillée; 
Solution d’acétate d’ammonium a 500 g/l; Acide acétique cristallisable et Ammont- 
aque pure (d = 0.925). : 
* Cette technique indiquée par KouLBERG ET BADEVEVA® a été revue par nous sur certains points 


de détail. La syntheése de l’azométhine K s’effectue selon une technique en tout point identique 
en remplagant l’acide H par de l’acide K. q 
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Réactif a Vazométhine H 


Azométhine H*, 6 g; Acide ascorbique, 20 g; Eau distillée qopa al 


Liqueur titrée d’acide borique a to yg de bore par ml 


Peser 5.7135 g d’acide borique cristallisé, séché au dessiccateur A acide sulfurique. 
Dissoudre le produit dans de l’eau distillée et compléter a 1 1 en fiole jaugée avec de 
Yeau distillée. Diluer au centiéme la solution précédente avec de l’eau distillée en 
s’'aidant d’une fiole jaugée. 

1 ml de cette derniére solution contient 10 ug de bore. 


Eau distillée 
Peut étre obtenue au moyen d’un alambic en cuivre étamé, mais l’emploi d’un 
appareil distillatoire en silice est cependant plus reeommandable. L’eau épurée par 


passage de l’eau ordinaire sur résines anionique et cationique est a proscrire formelle- 
ment. 


Courbe d’ étalonnage 


Dans une série de béchers** de 100 ml, introduire successivement: 0, I, 2,3... 7-8 ml 
de liqueur titrée d’acide borique contenant 10 wg de bore par ml, 1.6 ml d’acide 
sulfurique (d = 1.83) dilué au cinquiéme*** et ro ml de solution d’acétate d’ammonium 
a 500 g/l. Ajuster le pH a 5.20 (contrdle a |’électrode de verre) au moyen d’acide acé- 
tique ou d’ammoniaque au demi. Transvaser en fioles jaugées de 100 ml. Rincer les 
béchers avec le minimum d’eau distillée (quelques ml). Ajouter 10 ml*+ de réactif a 
Vazométhine H. Compléter a 100 ml avec de l’eau distillée. Agiter et laisser la colo- 
ration se développer a l’obscurité, a 20° + 5°, pendant 18 h. 


jug de Bore 
100 


10 20 30 40 50 60 70 80 90 100 D 


Fig. 1. Courbes d’étalonnage obtenues avec le réactif a l’azométhine H et avec le réactif a l’acide 
H et aldéhyde salicylique. 


* L’azométhine H doit étre pesé trés exactement. a : ate, ; 
** Pour toutes les opérations effectuées a froid du matériel en pyrex peut étre utilisé. L’emploi 


de matériel en silice reste cependant plus recommandable. _ 
*** [addition d’acide sulfurique au cinquiéme n’est pas indispensable. 
+ A mesurer trés exactement. 
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Au bout de ce temps, les colorations des différents termes de la gamme d’étalonnage 
sont mesurées par rapport a celle du terme zéro, aA = 415 my. 

Les résultats obtenus sont ceux représentés dans la Fig. 1*. La courbe obtenue 
est pratiquement une droite entre 0 et 50 ug de bore. 


Dosage 
La solution neutre contenant l’acide borique a doser (entre o et 100 wg de bore) 
est traitée selon la technique de la gamme d’étalonnage. 


Discussion 
Etude qualitative du réactif 

Le réactif a été préparé selon les deux formules suivantes: Réactif A : azométhine 
H, 0.6 g et eau distillée q.s.p., 100 ml; Réactf B: azométhine H, 0.6 g, acide ascor- 
bique, 2 g et eau distillée q.s.p., 100 ml. 

Dans des fioles jaugées de 100 ml sont distribués successivement : 30 ml de solution 
titrée d’acide borique (I ml = 1 wg de bore), 1.6 ml d’acide sulfurique (d = 1.83) dilué 
au cinquiéme, 10 ml de solution d’acétate d’ammonium a 500 g/l, 10 ml de Réactif A 
ou B et eau distillée q.s.p. 100 ml. Des témoins correspondants sans bore ont été - 
préparés. 

Un essai et un témoin de chacune des séries A et B a été placé pendant 24 h a 
lobscurité, l’autre essai ou témoin de chaque série restant exposé pendant le méme 
temps a la lumiére du jour. Des observations faites a des intervalles de temps réguliers 
montrent que dans tous les essais avec bore une coloration jaune se développe assez 
lentement pour atteindre son complet développement au bout de 6 h environ, tandis 
que les témoins sans bore restent pratiquement incolores. Au bout de 24 h les essais 
et témoins A (sans acide ascorbique) laissés a la lumiére du jour présentent un tres 
léger brunissement par rapport aux mémes essais ou témoins laissés a l’obscurité; 
par contre dans les essais ou témoins B (avec acide ascorbique) aucun brunissement 
n’apparait. { 

Ces résultats montrent que le réactif a l’azométhine H préparé en présence d’acide 
ascorbique (réactif B) est plus stable a l’air et que les colorations doivent de préférence | 
étre développées a l’obscurité. | 


Influence de la longueur d’onde sur l’absorption de la lumiére incidente 


Deux essais contenant 30 yg de bore ont été préparés avec du réactif B en suivant 
la méme technique. Avant de compléter les volumes 4 100 ml, les pH des deux essais_ 
ont été réglés 4 pH 5.0 et 6.15 avec de l’acide acétique ou de l’ammoniaque. Deux 
témoins correspondants sans bore ont également été préparés. Aprés 18 h de dévelop- | 
pement a l’obscurité les colorations ont été mesurées par rapport a de l’eau distillée. 

La Fig. 2 représente les résultats obtenus. Le maximum d’absorption se situe donc 


vers A = 415 mu a pH 5.0. ; 
Influence du pH sur l’intensité de la coloration 


Une série d’essais contenant 30 jug de bore et des témoins correspondants exempts” 
de bore sont amenés a différents px par introduction d’acide acétique ou d’ammo: 


* 7 si x 1 one, 2 
Avec cuves de 2 cm; la sensibilité du spectrophotométre étant réglée pour correspondre a un 
tare optique de 60. 
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niaque (contréle a I’électrode de verre). Aprés 18 h de développement & l’obscurité, 
les colorations des différents essais ont été mesurées par rapport a leurs témoins 
correspondants, aA = 415 my. 

Selon les résultats obtenus qui sont représentés sur la Fig. 3, Vintensité de la colo- 


ration est maximale vers pH 5.2, et elle reste pratiquement constante entre pH 4.8 
et 5.6. 


(e) 440 460 mu 00 420 440 460m 


Fig. 2. Courbes d’absorption du réactif a l’azométhine H et du complexe coloré azométhine H + 
bore en fonction de la longueur d’onde, 4 pH 5.0 et 6.15 


14 2.2 3.0 38 4.6 5A 62 7.0 78 8.6 


Fig. 3. Influence du px sur |’intensité de la coloration du complexe coloré azométhine H + bore; 
du complexe coloré obtenu avec le réactif a VYacide H et aldéhyde salicylique + bore; et du 
complexe coloré obtenu avec le réactif a l’acide H —azo—résorcine + bore. 


A remarquer que la coloration jaune pale des témoins augmente progressivement 
quant le pH s’éléve. Dans la zone de pH 8.0-9.0 la coloration jaune des témoins est 
presque aussi intense que celle des essais. 
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Vitesse de développement de la coloration 


Une série d’essais contenant 30 yg de bore et de témoins sans bore a été préparée 
selon la technique précédente, le pH final étant de 5.2. Les essais et témoins sont placés 
4 l’obscurité, la température étant de 20° + 5°, et des mesures de coloration des 
différents essais par rapport a leurs témoins sont faites a des intervalles de temps qui 
ont été notés. 

Les résultats obtenus représentés sur la Fig. 4 montrent que le développement de 
la coloration due au bore est rapide pendant les cing premiéres heures, puis se ralentit 
considérablement pour tendre vers une limite qui n’est atteinte qu’aprés plusieurs 
jours de contact. 

Les mesures photométriques doivent donc étre effectuées aprés un temps déterminé 
qui doit rester le méme dans tous les cas. L’on peut en fait effectuer les mesures 
aprés 18 h de repos, la vitesse de développement de la coloration devenant alors 
suffisamment faible pour permettre d’obtenir des résultats constants et reproductibles. 


(acide H et aldéhyde salicylique)+ Bore 


40 Azométhine H+bore, avec tampon a l'acetate d'ammonium 


2 6 10 14 18 22 26 30 
Heures 


Fig. 4. Vitesse de développement de la coloration du complexe coloré azométhine H + bore, a 

20° + 5°, en présence d’acétate d’ammonium utilisé comme tampon. Vitesse de développement 

de la coloration du complexe coloré obtenu avec le réactif 4 l’acide H et aldéhyde salicylique + 
bore en présence de tampon sodique, potassique et ammonique. 


Influence de la température sur l’intensité de la coloration 


L’expérience a montré qu’entre 5° et 25° l’intensité de la coloration obtenue en 
présence d’une quantité fixe de bore reste pratiquement constante. Par chauffage | 
(vers 50°) la coloration obtenue en présence de bore augmente considérablement, mais | 
celle des témoins exempts de bore varie de la méme facon. De plus, un brunissement 
de fond se superpose alors a la coloration jaune normale, de sorte que la différence de 
coloration entre l’essai et le témoin est finalement plus faible. En définitive, les 
colorations peuvent étre commodément développées a 20° + 5°. 


Influence de la concentration du réactif en azométhine H 


| 
4 

; 

Lintensité de la coloration obtenue dépend étroitement de la quantité andl 
méthine H présente dans le milieu réactionnel, ainsi que le montrent les résultats du 
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Tableau II, obtenus en présence d’une quantité constante de bore, soit 30 yg, et 


d’un méme volume de réactif dont la concentration en azométhine H était variable. 
Dans tous les cas le pu est égal a 5.2. 


TABLEAU II 
- Concentration du réacti Déviations é AL 
Essa Nd. en azométhine H (gil) ¥.  halawadirdeics DH essat DH témorn 
I 3 15 5-23 5.23 
2 4 23 5-25 5-25 
3 5 29 5-25 5-25 
4 6 35 5-25 5-25 
5) 7 39-5 5-25 5-25 


On a donc intérét a utiliser un réactif aussi concentré que possible en azométhine 
H. Mais l’expérience ayant montré qu’il est assez difficile de dissoudre A froid vs 


d’azométhine H par litre, c’est donc la composition du réactif indiquée dans mode 
opératoire qui a été adoptée. 


Ordre d’introduction des réactifs 


Cet ordre a une influence assez marquée sur la reproductibilité des résultats. En 
effet, une certaine dispersion dans les résultats a été observée lors d’essais dans les- 
quels le réactif avait d’abord été introduit, puis ot le pH avait été ajusté par tatonne- 
ment avec de l’acide acétique ou de l’ammoniaque au demi. La quantité d’ammonia- 
que ajoutée ayant été trop forte en certains cas et la valeur visée du px dépassée, 
il a fallu réacidifier partiellement par l’acide acétique. Dans de telles conditions 
Yaddition d’ammoniaque augmente visiblement |’intensité de la coloration jaune des 
témoins, laquelle n’est sans doute que partiellement diminuée quand l’on réacidifie 
par de I’acide acétique. 

Les résultats sont au contraire trés réguliers et reproductibles quand le réactif A 
Vazométhine H est ajouté en dernier aprés fixation du pH. 


Influence des éléments érangers 

Les éléments suivants: Sb, As, Ba, Bi, Cd, Ca, Cs, Co, K, Li, Mg, Mn, Nd, Ni, 
Nb, Pb, Re, Se, Na, Sr, Ta, Te, Tl, Th, W, U et Zn, ainsi que NOs-, P20;-3, Cl-, F-, 
SO3-2, C2O04-2 et WOs, ne donnent aucune coloration avec le réactif. 

Nat et K+ ralentissent le développement de la coloration. Sn(II), Te et Hg(II) 


TABLEAU III 


Elément Poids de V’élément génant qui donne avec le réactif 
génant a Vazométhine H la méme coloration que 1 ug de bore 
Mo (MoOs) 62 
Zr 25 
Al Pasi 
Be 0.5 
Ti ite 
V(IV) 2.5 
V(V) 2.5 
Cu 4.5 
Cr Tabak 


Anal. Chim. Acta, 24 (1961) 555-572 


564 R. CAPELLE 


donnent un précipité blanc. Cu et Cr donnent une coloration jaune brun. Fe(II), 
Fe(III), ainsi que lion nitrite NOz- donnent un fort brunissement. Les sulfites 
empéchent la coloration de se développer. Les molybdates donnent une coloration 
jaune trés faible s’ils sont en quantité trop importante. Enfin Al, Be, Ti, Zr, V(IV), 
V(V) et Ga donnent une coloration jaune trés intense. 

Dans le Tableau III on a reproduit le poids des différents éléments génants qui 
donne avec le réactif 4 l’azométhine H la méme coloration que I ug de bore. 


Résumé 

Les paramétres expérimentaux de la réaction de l’azométhine H avec le bore, er 
milieu aqueux acide, ont été précisés: introduction d’acide ascorbique comme anti: 
oxygéne, domaine de pu, longueur d’onde optimale, influence de la température; le 
complet développement n’est atteint qu’aprés plusieurs jours de contact et les mesures 
seront faites aprés écoulement d’un temps déterminé convenablement. 

Du point de vue pratique, l’acétate d’ammonium étant employé comme tampon’ 
les mesures photométriques peuvent étre effectuées aprés repos de 18 h a l’obscurité; 
la température ambiante restant comprise entre 15° et 25°. Le pH optimum de 5.2 
peut en fait varier entre pH 4.8 et 5.6. Longueur d’onde optimale pour les mesures: 
A= 415 mu. 

L’intensité de la coloration dépend des quantités présentes de bore et d’azométhina 
H, ce qui oblige pour les mesures a employer des quantités exactement mesurées d’ur 
réactif dont la composition optimale a été déterminée. 

La sensibilité du nouveau réactif a été trouvée voisine de 0.01 wg de bore par ml. 
c’est-a-dire équivalente a celles d’autres réactifs plus classiques. 

Quelques éléments, dont la liste a été indiquée, peuvent géner et doivent étre 
soigneusement éliminés s’ils sont présents. 


Réactif a Vazométhine K 
L’étude de ce réactif a montré que l’azométhine K obtenu en remplacant l’acide Hi 
par de l’acide K, a des propriétés absolument analogues a celles de l’azométhine Hi 
Tout ce qui a été dit précédemment est donc entiérement valable lorsqu’il est fai 
usage de l’azométhine K; toutefois la longueur d’onde optimale pour les mesures 
(absorption maximale) a été trouvée a A = 417.5 my au lieu de 415 my. 


Réactif a Vacide H et aldéhyde salicylique 
Le réactif indiqué par KoRENMAN?,’ et dont la composition a été indiquée antérieure: 
ment, n'est en fait pas stable a l’air, il se produit un brunissement assez rapide: 
surtout a la lumiére du jour. Pour empécher ce brunissement il est nécessaire d’ajouter 


un réducteur. La encore l’acide ascorbique s’est montré le réducteur le mieux appro: 
prié. 


Réactifs particuliers | 


Solution A (a préparer extemporanément): acide amino-8-naphtol-r- disulfonique 
3,6 (acide H), 1 g; acide ascorbique, 2 g; eau distillée q.s.p., 100 ml. | 


Solution B: aldéhyde salicylique (fraichement distillé), 5 g; alcool éthylique a 95 
q.s.p., 100 ml. 
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Le réactif s’obtient en mélangeant au moment de l’emploi 13 volumes de solution 
A et I volume de solution B, soit gr ml de solution A et 7 ml de solution B. 
Par ailleurs, les mémes réactifs que ceux déja indiqués antérieurement. 


Courbe d’ étalonnage 


Dans une série de béchers de 50 ml, introduire successivement : OF 2349-7 
de liqueur titrée d’acide borique contenant 10 yg de bore par ml et 10 ml de solution 
d’acétate d’ammonium a 500 g/l. Ajuster le px a 4.60 avec de l’acide acétique (ou de 
l'ammoniaque) au demi (contrdle a 1’électrode de verre). Transvaser en fioles jaugées 
de 50 ml. Rincer les béchers avec le minimum d’eau distillée (quelques ml). Ajouter 
5 ml de réactif a l’acide H et aldéhyde salicylique. Compléter 4 50 ml avec de l'eau 
distillée. Agiter et laisser la coloration se développer a l’obscurité, 4 20° + 5°, pendant 
m3 h. 

Au bout de ce temps, les colorations des différents termes de la gamme d’étalonnage 
sont mesurées par rapport a celle du terme zéro, 4A = 415 my. La courbe d’étalonnage 
obtenue est celle représentée dans la Fig. 1*. 


Dosage 


La solution neutre contenant l’acide borique a doser (entre 0 et 50 yg de bore) est 
traitée selon la technique de la gamme d’étalonnage. 


Discussion 


Etude qualitative du réactif: Le réactif 4 acide H + aldéhyde salicylique donne 
également, en solution aqueuse acide, une coloration jaune intense avec le bore, mais 
les témoins correspondants sans bore sont nettement plus colorés en jaune que ceux 
obtenus avec le réactif a l’azométhine H étudié ci-dessus. Malgré l’addition d’acide 
ascorbique la stabilité a lair du réactif est un peu moins bonne que celle du réactif 
a l’azométhine H, un trés léger brunissement de fond peut se produire si les essais 
avec ou sans bore restent exposés trop longtemps a4 une lumiére trop vive. Il faut donc 
effectuer les mesures assez rapidement (en moins d’une heure) dés que les essais sont 
sortis de lobscurité. 

La longueur d’ onde optimale pour les mesures: se situe, comme dans le cas du réactif 
a l’azométhine H, aA = 415 mu. 

Influence du pH sur Vintensité de la coloration due au bore: Celle-ci a été déterminée 
en distribuant dans une série de béchers de 50 ml: 2.5 ml de solution titrée de bore, 
dont x ml contient ro yg de bore, 10 ml de solution d’acétate d’ammonium a 500 g/l 
et une quantité variable d’acide acétique ou d’ammoniaque pour amener le pH de 
chacun des termes 4 une valeur comprise entre pH 1.4 et 8.6. 

Aprés transvasement en fioles jaugées et ringage des béchers avec quelques ml d’eau 
distillée, addition de 5 ml de réactif 4 l’acide H + aldéhyde salicylique. Aprés quoi, 
le volume de chaque terme est complété a 50 ml avec de leau distillée. Agitation. 
Par ailleurs des témoins correspondants exempts de bore ont été établis parallélement. 
Aprés 18 h de développement & lobscurité (température ambiante: 20° + 5°), la 
coloration des différents essais a été mesurée par rapport a celle des témoins corres- 


* En cuves de 2 cm également, et avec le méme réglage de la sensibilité du spectrophotométre 
que précédemment. 
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pondants 4 A = 415 mu. Les résultats obtenus sont reproduits dans la Fig. 3. 

La déviation photométrique maximale est donc obtenue vers pH 4.60; toutefois: 

entre pH 4.10 et 5.15, les résultats peuvent étre considérés comme constants. 
Vitesse de développement de la coloration: La cinétique de la réaction colorée est la 
méme que dans le cas du réactif a l’azométhine H. L’acétate d’ammonium étant 
utilisé comme tampon, la coloration peut étre mesurée pratiquement aprés repos de: 
18 h: mais s’il est fait usage de l’acétate de sodium ou de potassium, la coloration, 
est plus longue a se développer, comme le montrent les résultats représentés sur la: 
Fig. 4. . 

Influence de la température sur V'intensité de la coloration: Entre 0 et 25°, les colora-: 
tions obtenues en présence d’une quantité fixe de bore peuvent étre considérées: 
comme constantes. Pratiquement des résultats trés reproductibles sont obtenus en: 
développant les colorations a 20° + 5°. 

Influence de la composition du réactif sur lintensité de la coloration: La quantité 
de bore en expérience restant constante et le volume ajouté de réactif restant égale- 
ment constant, l’intensité de la coloration obtenue dépend étroitement de la concen-. 
tration du réactif en acide H et en aldéhyde salicylique; par contre la quantité ajoutées 
d’acide ascorbique n’a guére d’influence. [I] est donc nécessaire de préparer trés exac~ 
tement le réactif et de le conserver identique dans une méme série de dosages. 

Aprés 18 h de développement a l’obscurité les résultats obtenus sont alors trés: 
reproductibles. Les mesures photométriques doivent étre faites assez rapidement, car 
aprés une heure d’exposition a la lumiére du jour, une baisse déja sensible de la colora- 
tion peut étre observée. 

Les colorations obtenues avec le réactif a l’acide H et aldéhyde salicylique sont 
donc moins stables que celles obtenues avec le réactif a l’azométhine H. 

Ordre d’introduction des réactifs: Les meilleurs résultats ont encore été obtenus en: 
n'introduisant qu’aprés établissement du pH approprié le réactif a l’acide H et aldé-. 
hyde salicylique. 

Influence des éléments étrangers: Mémes observations que pour le réactif a l’azo- 
méthine H. 


Conclusion 


Le réactif a l’acide H et aldéhyde salicylique a donc des propriétés sensiblement 
analogues a celles du réactif a l’azométhine H. Il en différe toutefois sur les points 
suivants: pH optimal pour les mesures trouvé égal 4 4.60, avec résultats pratiquement 
constants entre pH 4.10 et 5.15, coloration jaune plus intense des témoins et moins 
bonne stabilité des colorations que de celles obtenues avec l’azométhine H. é | 


Réactif a Vacide K et aldéhyde salicylique 


L'étude de ce réactif, obtenu en remplacgant dans le réactif précédent l’acide H pan 
de l’acide K, a montré que les deux réactifs ont des propriétés identiques, a exception 
de la longueur d’onde optimale qui a été trouvée de 417.5 mu au lieu de 415 mu. 


Autres colorants dérivés de l acide H 


Quelques essais ont également été effectués en remplacant l’acide H par : 
colorants dérivés de l’acide H. Les principaux colorants utilisés ont été les suivants: 
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Noir naphtaléne 12 BN (C.L.: 20.470 Acid black 1). Vert noir pour laine J (C.L: 
20.495 Acid Green 20), Bleu diazol 2 B (C.I.: 22.610 — Direct blue 6), Bleu diazol V 
(C.I.: 23.710 — Direct blue 21), Noir diazol BH (C.I.: 22.590 — Direct blue 2), 
Bleu pur diazol 4 B (C.I.: 24.400 — Direct blue 15) et Vert para 2 BL(Bayer) (C.L.: 
22.230). 

En aucun cas il n’est apparu la moindre trace de coloration en présence de bore, 
méme aprés repos de plusieurs jours. Ceci montre que la réactivité a l’égard du bore 
des composés ayant la structure de base énoncée par POLUEKTOV ET NIKONOvA‘ cesse 
de se manifester si la structure moléculaire devient trop compliquée, ou si les diverses 
positions du noyau naphtaléne sont trop encombrées. 

En résumé, de tous les réactifs 4 groupement imine étudiés précédemment seul a 
été retenu l’azométhine H. 


MICRODOSAGE DU BORE EN MILIEU AQUEUX ACIDE A L’ AIDE DE REACTIFS A GROUPEMENT 
AZOIQUE 


Parmi les nombreux réactifs indiqués par POLUEKTOV ET NIKONOVA‘ les deux suivants 
obtenus par diazotation de l’acide H ou de l’acide K avec la résorcine ont été seulement 
étudiés*. 


Réactif a Vacide ( az0-I'-dihydroxy-2,4-benzéne)-1-hydroxy-8-naphtaléne 
disulfonique-3,6 (acide H-azo-résorcine) 
Réactif a Vacide H-azo-résorcine 
Colorant, 0.100 g** et eau distillée q.s.p., 1 1. Par ailleurs, les mémes réactifs que 
ceux déja indiqués pour l’étude du réactif a l’azométhine H. 


Courbe @ étalonnage 


Dans une série de béchers de 100 ml distribuer successivement: 0, I, 2, Sasa 
de solution titrée d’acide borique dont 1 ml contient 10 wg de bore. Puis dans chaque 
bécher ajouter: 1.6 ml d’acide sulfurique (d = 1.83) dilué au cinquiéme*** et 10 ml 
de solution d’acétate d’ammonium 4 500 g/l. 

Régler le pH a 5.20 par de l’ammoniaque ou de I’acide acétique (contréle a 1’élec- 
trode de verre). Transvaser dans une série de fioles jaugées de 100 ml. Rincer les 
béchers avec le minimum d’eau distillée (quelques ml). Ajouter ro ml de réactif a 
Vacide H-azo-résorcine+. Compléter 4 100 ml avec de |’eau distillée. Agiter. Aprés 
repos de 72 h a l’obscurité, (la température restant comprise entre 16° et 20°), la 
coloration des différents termes de la gamme est mesurée par rapport a celle du terme 
zéro exempt de bore. 

Les résultats obtenus sont représentés dans la Fig. 5++. La courbe ne suit donc pas 
la loi de LAMBERT-BEER, et il y aurait intérét dans ces conditions a effectuer les 
mesures en colorimétrie différentielle. 


* Ces deux colorants, ainsi que ceux dérivés de l’acide H dont il a été fait mention, nous ont 
sté fournis gracieusement par la Société Francolor, 4 qui vont nos remerciements. 
** Le colorant doit étre pesé trés exactement. — stan 
*** T addition d’acide sulfurique dilué au cinquiéme n’est pas indispensable. 
+ Le réactif doit étre mesuré trés exactement. let - 
+ En cuves de 2 cm, et avec méme réglage de la sensibilité du spectrophotométre que précé- 
lemment. 
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Dosage 

La solution neutre contenant l’acide borique a doser (o a 50 wg de bore) est traité 
selon la technique de la gamme d’étalonnage. 


fg de Bore 


+ 
0 2 30 40 5S 60 W 8 90 00 D 
Fig. 5. Courbe d’étalonnage obtenue avec le réactif a l’acide H-azo-résorcine. 


Discussion 


Etude qualitative et choix du réactif: Au moyen des deux réactifs suivants: Réactif ¢ 
Colorant, 0.100 g et eau distillée q.s.p., 11; Réactif B: Colorant, 0.100 g, acide asco 
bique, 20 g et eau distillée q.s.p., 1 1 les essais suivants ont été effectués. ; 

Dans des fioles jaugées de 100 ml verser: 5 ml de solution titrée d’acide boriqu 
dont 1 ml contient 10 yg de bore, 1.6 ml d’acide sulfurique (¢d = 1.83) dilué au ci: 
quiéme, 10 ml de solution d’acétate d’ammonium a 500 g/l et ro ml de réactif A ou! 
Compléter & 100 ml avec de l’eau distillée. Agiter. Préparer des témoins correspo' 
dants exempts de bore. 

Certains des essais et des témoins de chaque série sont laissés a l’obscurité et 1 
autres sont maintenus a la lumiére du jour. 

I] est observé que tous les essais avec bore, d’abord colorés en jaune orangé 
peu a peu au rouge orangé, et le complet développement de la coloration n’est a 
qu’aprés plusieurs heures (65 h environ); elle reste ensuite stable pendant plusiev: 
jours. Les témoins exempts de bore restent colorés en jaune orangé. 

Dans tous les essais avec bore et dans les témoins sans bore laissés a la lumiére 
jour, il apparait peu a peu un trés léger brunissement. 

La coloration rouge des essais avec bore ayant recu une addition d’acide asco 
(réactif B) se développe progressivement pour atteindre son maximum d’inten 
bout de 45 h environ, mais diminue ensuite progressivement, et aprés 5 ou 6 
les essais et témoins préparés avec le réactif B sont trés nettement décolorés. L 
tion d’acide ascorbique n’est donc pas bénéfique. . 

Il ressort de ces essais que les meilleurs résultats sont obtenus en utilisant le réac ’ 
A, et en laissant les colorations se développer a l’obscurité. Ce réactif a été adop 
définitivement. 

bsorption de la lumiére incidente en fonction de la longueur d’ onde par le colovani 
le anit coloré (colorant + bore). Un essai et un témoin exempt de bore e 
maintenus pendant 65 h a l’obscurité; puis la coloration de l’essai et celle du tém 
sont mesurées par rapport a de eee distillée, a différentes longueurs d’onde. 
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résultats obtenus sont représentés sur la Fi 
bore) présente un maximum d’absor 
seul le maximum se situe a 


g. 6. Le complexe coloré (en présence de 
ption aA = 515 my environ, et pour le colorant 
4 = 480 my environ. Sil’on mesure la variation de densité 
optique du complexe coloré avec bore par rapport a celle du colorant seul, le maximum 
@absorption, donc la sensibilité maximale pour les mesures, se situe 4 1 = 515 my. 


100: 


400 440 «480 520 560. 600 mul 


Fig. 6. Courbe d’absorption du colorant (acide H-azo-résorcine) et du complexe coloré avec le bore 
(colorant + bore). 


Influence du pH sur V’intensité de la coloration due au bore: Dans des essais contenant 
une quantité constante de bore (soit 50 lg), on a fait varier progressivement le px d’un 
ferme a l’autre par addition de quantités variables d’acide acétique ou d’ammoniaque. 
Des témoins de méme pH exempts de bore sont préparés parallélement. 

Aprés repos de 65 h a l’obscurité la densité optique des essais est mesurée par rap- 
ort a celle des témoins sans bore correspondants. Les résultats obtenus, représentés 
ur la Fig. 3, montrent que l’intensité de la coloration obtenue avec le bore est trés 
msible a l’influence du pu, et que le maximum d’intensité est obtenu a pH 5.20 
nviron (pratiquement les résultats restent constants entre pH 5.15 et 5.25). 

Influence de la température et de la durée sur le développement de la coloration due 

wu bore: Le développement de la réaction colorée de l’acide borique avec le réactif 
tudié est accéléré par chauffage et l’intensité de la coloration obtenue est fonction 
e la température a laquelle elle a été développée. Le Tableau IV résume les obser- 
ations relevées. 
A la température de 16-20°, la coloration se développe lentement pour atteindre 
m maximum d’intensité aprés 65 h; il faut 85 h a la température de 12 a 15°. 
‘Intensité de la coloration reste alors stable pendant plusieurs heures, ou méme 
lusieurs jours. 
A chaud, la coloration se développe beaucoup plus vite, mais elle n’est ni stable, ni 
stante en intensité. Ainsi, dés 40°, les témoins se décolorent progressivement, 
insi que les essais contenant du bore. Les résultats ne sont ni constants, ni réguliers. 
est donc nécessaire que la réaction soit faite a froid, et a température constante, 
que les mesures soient effectuées au bout d’un temps déterminé, qui doit rester 
-méme dans tous les cas. 
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Le plus aisé est de laisser la coloration se développer 4 une température de 16-20", 
et d’effectuer en ce cas les mesures photométriques aprés 72 h de repos a l’obscurité, 


Vintensité maximale de la coloration étant alors pratiquement atteinte. 


TABLEAU IV 


Température Déviations photométriques obtenues aprés développement 
i de dével mt H de la coloration pendant: 
ae a pL Hs : 2h 5h 8h «rh 24h 26h 42h 5rh 65h 72h 88h r50h | 
A 12-15° 5.20 25 37 46 51 56.5 57 58-5 58.5 
B 16—20° 5.20 30.5 42.5 49.5, 953-5, 50 9) 50858 56 
Cc 40—42° 5.20 32 40 48 ae iy}, As) 25.5 2355 
D 64-605° 5-20 35 28 
E Q5—-100° §.20' 26 2 


Injluence de la concentration du réactif en colorant sur Vintensité de la coloration ob- 
tenue avec le bore: Dans le mode opératoire déja indiqué antérieurement, on a remplacé 
les 10 ml de réactif contenant 0.100 g de colorant par litre, par 10 ml de réactif con- 
tenant 0.200 g ou 0.300 g de colorant par litre. Les résultats indiqués dans le Tableau 
V montrent que l’intensité de la coloration dépend étroitement de la quantité de 
colorant introduite. 


TABLEAU V 
Quantité présente Concentration du Déviati H H 
Essai de bore d ‘actif en colorant wats ee a 
Hed 5 1 ee. reactt is i). ae photométriques essai témoin 
I 50 ug 0.100 28 5.20 5.20 
2 50 Mg 0,200 53-5 iReyor  Giexe) 
3 50 ug 0.300 74 5.20 5.20 


Du point de vue pratique, l’expérience montrant que les témoins No. 2 et 3, préparés 
avec du réactif contenant 0.200 g ou 0.300 g de colorant par litre, sont trés fortemeni 
colorés en jaune, il a été jugé préférable de retenir seulement le réactif déja utilise 
et contenant 0.100 g de colorant par litre. 

Influence des éléments étrangers: Les éléments Sb, As, Ba, Bi, Cd, Ca, Ce, Cs, Di 
Li, Mg, Mn, Nd, Ni, Nb, Pb, K, Re, Se, Na, Sr, Ta, Te, Tl, W, Zn, ainsi que NOs= 
P205-3, Cl-, F-, SO3-?, C204-2, WOs ne donnent pas de coloration avec le réact: 

Na et K ralentissent le développement de la coloration. Co, Fe, Mo, U, Hg, A 


TABLEAU VI y 
Elément Poids de l’élément génant qui donne avec le réactif 
zénant la méme coloration que I ug de bore 
(ug) 

Cr 5,000 

Cu 1,660 

Al 1,250 

Be 715 

Ta 1,660 

V(IV) 455 

V(V) 625 
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Pt, SOz et NOs, entrainent un brunissement plus ou moins intense du réactif. Sn, 
Te et Hg(II) donnent un précipité blanc. Be, Cr, Cu, Al, Th, Ti, V et Zr donnent une 
coloration rouge plus ou moins intense. La correspondance en bore de chacun de ces 
éléments génants est indiquée dans le Tableau VI. 


Résumé 


Le colorant azoique constitué par l’acide H et la résorcine (acide (azo-1/-dihydroxy- 
2,4-benzéne)-1-hydroxy-8-naphtaléne disulfonique-3,6) donne avec le bore, en milieu 
aqueux acide, une coloration rouge qui ne se développe que trés lentement. A la 
température ambiante (16-20°), le complet développement n’est obtenu qu’au bout 
de 65 h, la coloration reste alors stable pendant plusieurs jours. 

L’intensité de la coloration obtenue est trés sensible a l’influence de la température, 
du pH et de la concentration du réactif en colorant. Par chauffage, la vitesse de dé- 
veloppement peut étre augmentée, mais les résultats obtenus ne sont ni réguliers, 
ni stables. 

Les mesures doivent étre effectuées dans des conditions toujours identiques quant 
a la durée et a la température de développement de la coloration, au pH, et a la con- 
centration du réactif. 

Les conditions optimales sont les suivantes quand on utilise de l’acétate d’ammo- 
niumcomme tampon: Développement al’obscurité, ala température de 16-20°, pendant 
72 h; pH optimal: 5.20, les résultats étant pratiquement identiques pour des valeurs 
du pH comprises entre 5.15 et 5.25; longueur d’onde optimale pour les mesures: 515 my; 
la courbe d’étalonnage n’est pas une droite ; sensibilité: o.or wg de bore par ml environ; 
de nombreux ions génent et doivent étre éliminés s’ils sont présents. 


Réactif a lV azoique de Vacide K et de la résorcine (acide (azo-1'-dihydroxy-2,4-benzéne) - 
t-hydroxy-8-naphtaléne disulfonique-3,5) 
La structure de ce composé a déja été indiquée dans le Tableau I. L’étude de ce réactif 
a montré qu’il présente des propriétés pratiquement analogues a celles du précédent 
sous réserve des quelques points de détail suivants: Longueur d’onde optimale pour 
les mesures (sensibilité maximale) observée a 520 my; influence encore plus marquée 
du pHsur l’intensité de la coloration (pH optimal; 5.20 avec résultats pratiquement 
identiques entre pH 5.15 et 5.25 seulement); développement beaucoup plus lent de 
la coloration, dont le complet développement n’a été obtenu qu’aprés repos de 325 h 
ala température de 16-20°; sensibilité analogue a l’égard du bore (soit 0.01 wg de bore 
par ml environ) ; mémes interférences des éléments étrangers. 


Autres colorants 


Les autres colorants suivants, bien que n’ayant pas la structure fondamentale énoncée 
par Porvextoy ET Nixonova‘ ont néanmoins été expérimenteés: 


acide amino-2-phénolsulfonique-4 Acide N,N’-bis{hydroxy-1-(hydroxy-2’-sulfo- 


: ’-phé -2-sulfo-3-naphtyl-6|urée. 
acide amino-2-phénolsulfonique-4 oe Pheayieng a ele aa 
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amino-2-phénol-sulfonamido-4 Acide N,N’-bis{hydroxy-1-(hydroxy-2’-sulfo-5’- 


amino-2-phénol-sulfamide-4 phénylazo)-2-sulfo-3-naphtyl-6]urée. 
chloro-4-amino-2-phénol Acide N,N’-bis[hydroxy-1-(hydroxy-2-’sulfo- 
chloro-4-amino-2-phénol 5’-phénylazo)-2-sulfo-3-naphtyl-6 Jurée. 


Acide dihydroxy-1,8-naphtaléne disulfonique- 


acide amino-2-phénolsulfonique-4 6 


acide amino-1-naphtol-2-sulfonique-1,4 } Acide naphtol-1-sulfonique-8. 


Bordeaux au chrome solide R (C.I. 14.290 Mordant Red 5). 


En aucun cas, aucune coloration n’est apparue en présence de bore, ce qui confirme 
bien l’hypothése de PoLtuEKTov ET NIkoNova‘ concernant la structure que doivent 
avoir les colorants pour donner une réaction colorée avec le bore en milieu aqueux 
acide. 


RESUME 


Différents réactifs préparés avec des colorants comportant des groupements imine ou azoique 
ont été expérimentés en vue du microdosage colorimétrique du bore en milieu aqueux acide. 
Au total, 19 réactifs ou colorants différents ont ainsi été essayés, dont 6 seulement se sont montrés 
utilisables, et les conditions d’emploi de ces 6 réactifs ont été étudiées et précisées. Les résultats 
obtenus montrent que, de tous ces réactifs, le plus pratique et le plus commode d’emploi est de 
loin celui 4 l’azométhine H (dérivé de l’acide H et de l’aldéhyde salicylique). La sensibilité de ce 
réactif 4 l’égard du bore est équivalente a celle d’autres réactifs classiques, mais il offre sur ceux-ci 
Vavantage important d’opérer en milieu aqueux. Le réactif n’est cependant pas entiérement 
spécifique du bore; un certain nombre d’éléments peuvent géner et doivent étre éliminés s’ils sont 
présents. Le réactif a l’azoique de l’acide H et de la résorcine présente également un certain intérét; 
il est cependant beaucoup moins avantageux que le précédent. 

SUMMARY ; 
For the colorimetric microdetermination of boron, 19 dye-stuffs containing imine or azo groups 
have been examined; only 6 of these were usable and much the best was azomethine-H. This 
reagent can be used in aqueous media. 4 


ZUSAMMENFASSUNG 


Fiir die colorimetrische Mikrobestimmung von Bor wurden 19 verschiedene Farbstoffe, die Imin- 
oder Azogruppen enthalten gepriift, von denen sich 6 als brauchbar erwiesen. Keiner ist jedo 
dem Azomethin H iiberlegen. 
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DIE BESTIMMUNG VON LITHIUM IN SILIKATISCHEN MINERALIEN 
(ZINNWALDITKONZENTRAT) MITTELS FLAMMENPHOTOMETRIE 


J. LIEBIG unp H. BREDEHORST 


Forschungslabor fiiy anorganische Chemie desVEB Elektrochemisches Kombinat Bitterfeld 
(Deutschland ) 


(Eingegangen den 18. November 1960) 


Bei der direkten flammenphotometrischen Bestimmung von Lithium in Zinnwaldit- 
konzentraten treten Stérungen infolge anwesender Begleitelemente wie Si, Fe, Mn, 
Mg, Al, Na und K auf, deren:Kompensation mittels Rahmenldsungen fiir alle auf- 
tretenden Kombinationen zu umfangreich wird. Es erfolgt deshalb eine Abtrennung 
der Schwer- und Erdalkalimetalle durch einen Anionen-Ionenaustauscher in der 
Oxalat- und EDTA-Form und eine Auftrennung der Alkalien mittels eines Kationen- 
austauschers. Im Vergleich dazu wird eine vorherige Abtrennung der Stérelemente mit 
Cadmiumoxyd und basischem Bleicarbonat durchgefiihrt. 


Apparatives 

Zur Lithium- und Kalium-Bestimmung diente ein Flammenphotometer No. III der 
Fa. Zeiss Jena mit einem vorgeschalteten Metallinterferenzfilter Li 67 (671 -+- 7 nm) 
fiir Lithium und K 76 (768 + 8 nm) fiir Kalium. Die Stérelementabtrennung erfolgte 
einmal in einer Kationenaustauschersaule (Durchmesser 10 mm, Hohe 1120 mm, Aus- 
tauscher: Wofatit KPS 200 der Fa. VEB Farbenfabrik Wolfen, Kérnung 0.2-0.3 
mm, beladen mit Wasserstoffionen, Austauschkapazitat 33.6 mg K/cm und 28.6 mg 
Na/cm Harz), zum anderen Male in einer Anionenaustauschersaule (Durchmesser 
I20 mm, Hohe 550 mm, Austauscher: Wofatit L 150 der Fa. VEB Farbenfabrik 
Wolfen, Kérnung 0.3-0.4 mm; zur Halfte war die Saule mit EDTA und mit Oxalat 
beladen). 


Aufschluss 

Ca. 1 g Zinnwalditkonzentrat wurde mit einem Gemisch aus 5 ml conz. Salpeter- 
sdure und roml Fluorwasserstoffsaure (40°%-ig) dreimal aufgeschlossen und die zuriick- 
bleibende Substanz dreimal mit conz. Schwefelsaure abgeraucht. Anschliessend wurde 
mit 25 ml 50%-iger Schwefelsaure solange gekocht, bis die Lésung klar erschien 
(vgl. ELLESTAD UND HorsTMANN}). 


TRENN- UND BESTIMMUNGSMETHODEN 
(a) Zur direkten Flammenphotometrie wurde die aufgeschlossene Substanz auf 250 
ml aufgefiillt und davon 25 ml zur Analyse verwendet. Es wurde gegen Rahmenlosun- 
gen, die die entsprechenden Mengen Natrium und Kalium enthielten, mit einem 


Li-Filter gemessen. 
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(b) Zur Auftrennung der Alkalien wurde eine Kationenaustauschersaule mit KPS: 
200 nach JENTZSCH UND FROTSCHER? eingesetzt. Es zeigte sich, dass infolge der an-. 
deren anwesenden Elemente wie Eisen, Aluminium, Mangan usw. die Saulen in Kiirzes 
blockiert wurden, sodass eine Abtrennung dieser Elemente vorher erfolgen musste.: 

(c) Die Abtrennung der Stérelemente Eisen, Mangan, Aluminium, usw. wurde mit! 
einem Anionenaustauscher Wofatit L 150 durchgefiihrt. Die Anordnung wurde bereits: 
unter Apparatives geschildert (vgl. dazu SAMUELSON ef al.3-5), Das Filtrat dieser! 
Trennung wurde dann zwei bis dreimal mit 10 ml konz. Schwefelsaure abgeraucht, | 
um die aus dem Austauscher eluierte organische Substanz zu zerstéren. Wurde dies: 
nicht getan, so wurde bei nachfolgender Kationentrennung der Kationenaustauschert 
unbrauchbar. 

(d) Die Beseitigung der Stérelemente Eisen, Aluminium usw. mit Cadmiumoxyd: 
und basischem Bleicarbonat wurde nach ELLESTAD UND HorsTMANN! und nachi 
Sweet, REMAN III] uND BEUKENKAmP® durchgefiihrt, ehe die Alkalien mit Wofatitt 
KPS 200 getrennt wurden. 

Ergebnisse: Wie die Analysenwerte der Tabelle I von zwei Lithiumkonzentratent 
zeigen, tritt bei reiner Flammenphotometrie derartiger Erzkonzentrate ein erhéhtert 
Li-Wert auf, und zwar bis 8% des Gesamtergebnisses, wenn die Li-Konzentrationens 
zwischen 2 und 4% LigO liegen. 


TABELLE I 


LITHIUM-GEHALTE DER UNTERSUCHTEN KONZENTRATE 


Li-Glimmer I Li-Glimmer IT 
ee (% LisO) (% LisO) 
a 3.40 + 0.02 2.67 + 0.02 
c+a 3.22 + 0.02 2.60 + 0.02 
c+b+a 3.14 —+ 0.02 2.44 + 0.02 
d+a 3.36 + 0.02 — 


Die in der Rubrik ‘‘Methode’’ angegebenen Buchstaben sollen das Trenn- und 
Bestimmungsverfahren, wie bereits beschrieben, angeben. Die gefundenen Gehalte 
sind die wahrscheinlichsten Werte aus jeweils 50 Analysen. In Testgemischen, die die 
abzutrennenden Komponenten in gleichen Verhiltnissen wie im Glimmer enthielten, 
wurde das Lithium nach jeder Operation 100%-ig innerhalb der Fehlergrenze wieder- 
gefunden. Die Methode c + b + a ist die Genaueste. 


ZUSAMMENFASSUNG | 


Die flammenphotometrische Bestimmung von Lithium in Zinnwalditkonzentraten wurde nacl 
dem Abtrennen der Stérelemente (Fe, Al, Mn, Ca, Mg, K, Na usw.) sowohl mittels Kationen- und 
Anionenaustauscher als auch mittels CdO oder basischen Bleicarbonates durchgefiihrt. Die reine 
Flammenphotometrie gab bis 8% zu hohe Lithiumwerte. | 


SUMMARY 


The flame-photometric determination of lithium in Zinnwaldit-concentrates was carried out aft 
removal of the interfering elements (Fe, Al, Mn, Ca, K, Na, etc.) either by means of cation a 


anion-exchange resins or by means of CdO or basic lead carbonate. Flame photometry alo 
resulted in up to 8% too high lithium values. 
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RESUME 


Une méthode photométrique de flamme est proposée pour le dosage du lithium dans des silicates. 
Les ons qui peuvent géner le dosage sont éliminés soit par échangeurs d’ions, soit au moyen 
d’oxyde de cadmium ou de carbonate basique de plomb. La photométrie de flamme fournissait 
des valeurs du lithium jamais jusqu’é 8% trop élevées. 
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The reaction of elemental sulfur with various diphenyl-substituted compounds has 
been the object of rather extensive study in recent years, chiefly by MorEAu and 
co-workers!. They demonstrated that numerous compounds of this general type will 
react with sulfur at sufficiently high temperatures, yield H2S and a corresponding 
thioketone, and, in certain cases, various other products. 

The use of N-4,4’-(dimethoxybenzohydrilidene)benzylamine as a reagent for the 
detection of elemental sulfur was first proposed by SCHOENBERG AND URBAN? who 
observed that this compound could be reacted with elemental sulfur to yield 4,4’- 
dimethoxythiobenzophenone, H2S and benzonitrile as recognizable products. The 
thioketone thus formed was of an intense blue color which was easily recognizable 
even in small quantities. Although they undertook no quantitative studies of the 
reaction, they reported the following over-all equation: 


cH0K > cHoK > 
Dean—cH + 28> Ne=stms+C Yo =N 
CHO CH30 


The first reported attempt to use the reaction for quantitative determination of 
sulfur was that of Ory, WARREN AND WILLIAMs? who showed that the reaction was 
quite suitable for colorimetric determinations. The relation between thioketone 
production and the quantity of sulfur present was not that which would be predicted 
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on the basis of the above equation for the reaction. Instead the thioketone produced 
corresponded to only about 0.251 of the sulfur present. The absolute quantity of 
thioketone produced was determined spectrophotometrically using the known optical 
density of the thioketone*. The discrepancy could not be explained on the basis of a 
deviation from the Beer curve since a plot of optical density vs. concentration 
of thioketone was found to be quite linear. An attempt was made by Ory ¢é al.® to 
examine the mechanism of this reaction by a limited number of infrared spectral 
studies. While not conclusive, the study revealed that the reaction was complex and 
probably proceeded through one or more intermediates. : 

From the foregoing, it is seen that the practical application of SCHOENBERG’s 
reagent for quantitative determination of elemental sulfur could be put on a more 
firm and less semi-empirical basis if an understanding of the mechanism of the reac- 
tion could be obtained. The most desirable approach to this problem seems to be that 
of infrared spectral analysis. Such an analysis of the reagent molecule would itself 
be of considerable intrinsic value since no extensive study of the benzohydrilidene 
structure has previously been reported. 

The first requirement was to obtain, as completely as possible, an assignment of 
the infrared absorption spectrum of the reagent, (CHs0CeHs)2C—=NCHeCeHs. The 
results of this phase of the study are reported here. Their application to the investi- 
gation of the reaction mechanism is being studied further. 


TABLE I 

Compound Group(s) of interest 
Benzylamine —CH2—N 
Benzalazine —C=N 
Benzylidene aniline —C=N 
Benzylidene benzylamine —C=N—CH2 
Benzylidene methylamine —C=N—C 
Benzophenone Fag 

| 

Benzophenone anil wis =N 


4,4’-diaminobenzophenone 
4,4’-dihydroxybenzophenone 
4,4’-dimethoxybenzophenone 


4,4’-dimethylbenzophenone 


diphenylmethane 


4,4’-dimethoxythiobenzophenone 


p-methyl anisole 
p-methoxy anisole 


Toluene 


p,p’-disubstituted diphenyl 
p.p’-disubstituted diphenyl 
p.p’-dimethoxy diphenyl 
p,p’-dimethyl diphenyl 


| 


= 
| 

CHs0— —C— —OCHs3 
| 


C— —OCHs 
—O—CHs3 
—CH3 
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EXPERIMENTAL 


Two sampling techniques were used in obtaining the spectrum of SCHOENBERG’s 
reagent: 

(Z) pressed KBr disk technique; 

(2) solution spectra using CS2, CCla, and benzene as solvents. 

Samples of the structurally similar solid compounds were prepared in the same 
manner. Liquid compounds were examined in thin cells or as films between rock salt 
plates. 

All compounds used were obtained from Eastman Organic Chemicals Company with 
the exceptions of benzalazine, benzylidene-benzylamine and 4,4’-dimethoxythio- 
benzophenone which were prepared in these laboratories. The benzalazine was kindly 
supplied by Dr. Horace Ory. The benzylidene-benzylamine was prepared by the 
method of MASON AND WINDER. The 4,4’-dimethoxythiobenzophenone was prepared 
by the reaction of SCHOENBERG’s reagent with elemental sulfur. The thioketone was 
distilled from the reaction mixture at a temperature of 205° and under pressure of 
5mm Hg. 

All solids were purified by recrystallization from ethanol. All liquids were distilled 
under reduced pressure and the appropriate constant-boiling fraction was collected. 


TABLE II 


im cm-1 Assignment im cm-* Assignment 

3030 aromatic CH III7 CHs 
2941 nonaromatic CH 1050 C—N 
2849 —CH2— 1029 C— 
1653 —CH2—R, R4H 
1626 (sh) C=N 995 mono substituted phenyl 

| 
1601 phenyl 943 me 

| 

929 ane 
1513 para substituted phenyl 847 para substituted phenyl 
1458 phenyl 833 parva substituted phenyl 
1418 CH3 800 para substituted phenyl 
1342 OCHs3 
| 

1312 —C= 785 CHs 

I 
1298 C=] 768 —C— 

| 

749 Poe 

1250 OCH3 736 mono substituted phenyl 
T181 —CHs— 697 mono substituted phenyl 
1173 dt 685 para substituted phenyl 
I156 phenyl 
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A Perkin-Elmer Model 21 Recording Infrared Spectrometer was used in obtaining 
all spectral data. 


RESULTS AND DISCUSSION 


Initial attempts to make definite assignments for all bands based purely on the gen- 
eralized group frequency assignment given in the widely used chart by CoLTHUP 
and in various standard references®.? met with little success. Accordingly, the spectra 
of a series of compounds having particular structural groupings in common with 
SCHOENBERG’s reagent were examined. The compounds used together with the groups 
of interest in each are listed in Table I. The presence or absence of bands in the various 
spectra were then correlated to indicate the probable origin of band. The band 
frequencies of SCHOENBERG'S reagent and their assignments are tabulated in Table II. 

A definite suppression of the 847 cm~! band (attributed to pava-pheny] substitution) 
was observed in solution spectra of all compounds having this grouping. Spectra of 
pure liquids having this grouping showed no such suppression nor did there appear 
to be any in the solid-state spectra. The reason for this is not clearly understood 
although it presumably results from some type of solvent—solute interaction. 


SUMMARY 


The infrared absorption spectrum of SCHOENBERG'S reagent, (CH30CsHs5)2C = NCH2Ce6Hs has been 
obtained in the 650-5000 cm~! region. Assignments have been made for all observed bands using 
group frequency methods. 


RESUME 


Les auteurs ont étudié la réaction du réactif de SCHOENBERG avec le soufre. Le spectre d’absorption 
infra-rouge de ce réactif a été tracé entre 650 et 5,000 cm-!. 


ZUSAMMENFASSUNG 


Beschreibung der IR-Spektren des ScHOENBERG’schen Reagenzes zur Bestimmung von Schwefel. 
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INTRODUCTION 


In the present publication bis-cyclohexanone-oxalyldihydrazone and bis-acetaldehyde- 
oxalyldihydrazone will be referred to as reagent 1 and reagent 2, respectively. 

Nixsson? described the colour formation between copper(II) and the reagents I 
and 2. Other authors applied reagent 1 for the determination of copper in pulp and 
paper’, plant materials?, blood serum4, steel5-®, different metals and alloys?-1 
and in gelatine!?. Some authors!3.14 introduced modifications in their methods of 
determining copper with reagent I. 

The use of reagent 2 in the analysis of copper is suggested in other papers®:15, and 
a procedure has been published for the determination of copper in uranium!%, 

The literature surveyed contained no data on the composition and stability of 
the complexes formed between copper and reagent r and 2. The statement by some 
authors that a considerable excess of reagent 1 was needed to maintain a constant 
extinction for some time indicated that the complex or the reagent were unstable 
in solution. An investigation was therefore started with the purpose of obtaining 
information on the applicability of the two reagents and on the complexes with 
copper. 


INSTRUMENTS AND REAGENTS 
Instruments 

Extinction measurements were made with a Zeiss spectrophotometer PMQ IT and 
I.000-cm glass cells. 

Current—voltage curves were recorded with a Sargent Polarograph Model XXI. 
The conventional type of dropping mercury electrode and a modified H-cell were 
used. Oxygen was eliminated before the electrolysis by passing pure nitrogen through 
the solutions for 10 min. A nitrogen atmosphere was kept over the solutions during 
electrolyses. An external saturated calomel electrode (SCE) served as reference 
electrode. 

For potentiometric titrations and determinations of pH, a Beckman pH meter 
model H 2 and a Beckman Zeromatic pH meter were employed. 


Reagents 
The purity of reagent 1 (Hopkins and Williams Ltd.) was controlled by elementary 
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analysis and infrared absorption spectroscopy. No impurities were detected by 
these methods. : 

Reagent 2 was not applied in the solid state, but solutions of the copper(II)— 
reagent 2 complex were prepared by adding acetaldehyde to solutions of the copper 
(II)-reagent 1 complex. The higher stability of the former complex resulted in 
complete replacement of cyclohexanone by acetaldehyde. 

The acetaldehyde was of purissimum quality. All other chemicals were of reagent 
grade quality. Copper-free distilled water was used. 


EXPERIMENTAL 
Standard solutions 

A standard solution of copper(II) was prepared by dissolving 4.4 g of CuSO4°5H2O0 
in 1000 ml of distilled water and determining the exact concentration by electrolysis. 
The standard solution was found to contain 1.12 mg of copper per ml corresponding 
to a molarity of 1.76-10-?. 

Reagent I is only slightly soluble in water and was therefore dissolved in 50% 
v/v ethanol. Due to the instability of the reagent only freshly prepared solutions 
were applied. (Reagent 1 is soluble in aqueous alkaline solutions, but in such solu- — 
tions the reagent was found to be very unstable.) 


Buffer solutions 


Buffers consisting of primary and secondary phosphates (which do not form 
complexes with copper) and of ammonia and ammonium chloride were prepared. 
The px of the phosphate buffer was 8.0 and of the two ammonia—ammonium 
chloride buffers 8.2 and 9.5 (determined by pH meter). 


Ionic strength 


All solutions prepared were 0.1 M with regard to potassium chloride. 


Temperature 


All experiments were carried out at 20° + r°. 


‘ 
Absorption curves ; 


In the pH range 7-10 copper(II) ions react with reagent 1 and 2 forming a blue | 
and a violet complex respectively. In Fig. 1 absorption curves of solutions of the two 
complexes and of the reagent blank are reproduced, all solutions being measured — 
against distilled water. 

It is seen from Fig. r that the absorption maximum of the copper (II)—reagent 
2 complex varied with the buffer applied. With phosphate buffer (pH 8.0) the maxi- 
mum was located at 510 my, while the use of the ammonia—ammonium chloride 
buffer (pH 9.5) resulted in a change of maximum to 545 mu. This change of maximum 
may be due to the incorporation of ammonium ions in the copper(II)—reagent 2: 
complex. No similar effect of change of buffer was observed for the copper(II) 


reagent I complex. (In earlier publications! it is stated that ammonium ions affected 
the colour formation between copper(II) and reagent 1.) 
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The absorption curves of the copper(II)—reagent 2 complex showed no signs of 
the presence of copper(II)—reagent 1 complex. 

The different molar extinction coefficients in phosphate buffer pH 8.0 were found 
to be: e = 1.6:104 for the copper(II)—reagent 1 complex at 600 mu; and ¢ = 2.3104 
for the copper(II) —-reagent 2 complex at 510 mu. 

For the copper(II)-reagent 2 complex (ammonia—ammonium chloride buffer 
pH 9.5) the molar extinction coefficient was found to vary considerably with the 
excess of reagent used, and therefore no value is given. 


05 


Extinction 


04 


600 700 
Wavelength, my 


Fig. 1. Absorption curves of the copper(II) complexes with reagent 1 and 2. (1). Absorption curve 

of the copper(II)—reagent 1 complex, phosphate buffer px 8.0; (2). Absorption curve of the copper- 

(II1)-reagent 2 complex, phosphate buffer pH 8.0; (3). Absorption curve of the copper(II)— 

reagent 2 complex, ammonia—ammonium chloride buffer px 8.2; (4). Absorption curve of a reagent 
1 solution. All solutions were measured against distilled water. 


INVESTIGATIONS OF REAGENT I 


With the normal four-coordination of copper(II) and presuming the ligand to be 
bidentate, a ligand—metal ratio of 2:1 was expected for the copper(II)—reagent 
I complex. Previous authors have reported, however, that in the analysis of copper 
at least an eightfold excess of reagent 1 should be added in order to keep the extine- 
tion constant for some time. Our own preliminary photometric investigations with 
the purpose of elucidating the composition of the complex gave inconsistent results 
indicating the presence of 4-6 ligands. It was further observed that the blue colour 
of the complex developed slowly, and also that the colour disappeared again after a 
certain time. The colour faded and disappeared particularly rapidly in the presence 


of excess of copper. 
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Investigations by spectrophotometry 

A fresh solution of reagent 1 containing phosphate buffer (pH 8.0) was prepared. 
From this solution aliquot parts were pipetted into 100-ml volumetric flasks after 
different times of standing. Copper(II) standard solution was added and the solutions 
were diluted to volume with distilled water. The concentration of reagent I and copper 
in the final solutions were 1.408: 10-4 M and 3.52°10~* M, respectively. The extinctions 
of the solutions were measured at 600 my against distilled water after different 
times of standing at room temperature. From the series of measurements Fig. 2 
was plotted. 


05 


Extinction 
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Fig. 2. Extinctions of a series of copper(II)—reagent 1 solutions measured after the addition of 

copper(II) solution to reagent 1 solutions which had been kept in phosphate buffer pH 8.0 for the 

time specified on the separate curves. All solutions contained 3.52: 10-5 M of copper and 1.408-10~4 
M of reagent 1. The extinctions were measured at 600 my against distilled water. 


The experiment showed that the amount of reagent available for colour formation 
decreased on standing. In the experiment described above the ligand—metal ratio 
was 4:1. By diminishing the excess of ligand the rate of decomposition on standing 
increased, the highest rates being observed in the presence of ligand—metal ratios 
below 2:1. 

The experiment also showed that the slow development of the blue colour was 
not due to complex formation between copper(II) ions and some decomposition 
product of reagent 1. In that case the extinctions measured after the addition of 


copper(II) ions would be expected to increase with the time of standing of the reagent 
I solution. 
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Investigations by polarography 

Several polarograms of reagent 1 in ammonia—ammonium chloride and phosphate 
buffers were recorded. The polarograms exhibited only one irreversible wave with 
halfwave potential about —xz.6 V vs. SCE. (A maximum on the curve was easily 
depressed by addition of a 0.005% solution of gelatine). It was not possible, however, 
to obtain a reproducible ia/c value. The experiments showed that the diffusion 
current decreased with the time of standing of the reagent 1 solutions, indicating 
that the reagent decomposed in solution. No colour was obtained with copper(II) 
ions after the diffusion current had decreased to a minimum value. Some of the 
polarographic data are given in Table I. 


AB 


DIFFUSION CURRENTS AND HALFWAVE POTENTIALS OF A 1.8:107-3 M 
SOLUTION OF REAGENT I IN VARIOUS MEDIA 


Time from mixing the Ei 7 
patie plies (V vs. SCE) (uA) 
Phosphate, igo 8 —1.59 20.4 
PH 8.0 15 d —1.52 But 
37avd —1.45 25% 
Ammonia— ay al 5 SARS 36.4 
ammonium 15 d —I.53 8.9 
chloride, By. —1I.50 4.1 
pH 8.2 
Ammonia— 1.5h —1.57 39.3 
ammonium 5 Gl —1.53 26.2 
chloride, Gps —1.52 19.7 
PH 9.5 Bye el —I1.50 4.6 


The rate of decomposition of the reagent was not reproducible. The decomposition 
was probably affected also by other factors than the time, 7.e. pH, ionic strength, 
temperature, etc. The halfwave potential was found to shift to more positive values 
when the reagent decomposed. This shift was probably due to some decomposition 
product(s). 

Current—voltage curves of the blue complex and excess of reagent I in ammonia— 
ammonium chloride and phosphate buffers exhibited two waves. The first wave 
(E1/2 — 0.30 V vs. SCE) corresponded to a one-electron reduction of a copper(II) to 
a copper(I) complex, and the second wave (£1/2— 1.60 V vs. SCE) to reduction of 
the reagent in the complex and of excess of reagent. The plot of log 7/1a—1 vs. the 
applied potential for the copper wave showed a straight line with a slope of 0.06 V, 
indicating a reversible one-electron reduction. The reagent wave showed an irreversible 
reduction and the diffusion current decreased with the time. 

Experiments in ammonia—ammonium chloride buffer containing the blue complex 
and only a slight excess of reagent I were also performed. Current—voltage curves 
were recorded at different time intervals after mixing the solutions. The diffusion 
current of the reagent wave decreased constantly and the wave of tetrammine— 
copper(II) ions appeared on the polarogram, showing that copper ions were liberated 
from the complex when the reagent decomposed. 
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Investigations by pH meter 

A 3.27-10-3 M solution of reagent I in 50% v/v of ethanol showed a pH of about 3. 
On titration with sodium hydroxide standard solution (0.1 N) the pH increased 
rapidly to about 8. The titration curve then rose less steeply to an inflection point at 
about pH 10, corresponding to an addition of 1 equivalent of base. Above pH Io the 
curve flattened out. 

In another experiment the pH of a 1.8-10~8 M solution of reagent 1 dissolved in 
50% v/v of ethanol was adjusted to 8.55 with sodium hydroxide solution. On standing 
the pu decreased and alkali was added to restore the original pH. On prolonged 
standing the additions of alkali needed decreased until after about a month the pH 
was nearly constant and the total amount of base added was nearly 1 equivalent. 

In a third experiment a 1.44-10~* M solution of reagent in 50% v/v of ethanol was 
prepared and hydrochloric acid was added until pH 3.0. On standing, the pH was 
constant for a month, the only change observed being the appearance of a faint. 
yellow colour. 

Reagent I was easily soluble in aqueous sodium hydroxide solutions (pH 10), but. 
the reagent decomposed rapidly and after a relatively short time the solutions did | 
not produce the blue colour with copper(II) ions in the pH range 7—Io. : 

In the pH range 7—10 the addition of copper(II) ions to a solution of reagent I 
resulted in a drop of pH indicating complex formation with liberation of hydrogen 
ions. 


RESULTS AND DISCUSSION 
Tautomerism of reagent I 


Infrared absorption spectra of reagent I in the solid state showed that the reagent | 
occurred in the ketone form. In an acid solution of reagent I (pH about 3) the presence ' 
of the ketone form was indicated qualitatively by precipitation with 2,4- -dinitro- 
phenylhydrazine. In strongly alkaline, aqueous solutions (pH > Io) reagent 1 was 
believed to be present in the enolic form. 

The blue complex between copper(II) and reagent 1 is stable in the pH range 7-10. 
In this intermediate pH range reagent I may be present in a partly enolized form. { 

The following equilibria are suggested for the tautomeric forms of reagent I in! 


solution: | 
ISO. 0 Ti | 
Hig Nae ee Nie Cols = | 
OHO H ; 
CeHio = N—N = id hn CH ee 
OH OH 


| | 
CeHio = N—N = C—C = N—N = CeHio 


The slow development of the blue copper(II)-reagent x complex in the pH rangi 
7-10 could be due to a slow enolization of the ketone form. 


Decomposition of reagent 1 


In alkaline aqueous solutions (pH > 10) reagent 1 decomposed rapidly. Amonj 
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the decomposition products oxalate ions and reducing agents were detected. The 


following irreversible decomposition scheme is proposed for reagent I in strongly 
alkaline solutions: 


| | 
H | OH HO | H 


CeHio = N—N = COH—COH = N—N = CoH > 


H | OH HO | H 
| | 
lo OH OH eal 
iH | | O;H 
2 CeHioNNHe + | aco iG re =e 
iH Ol% \j 0 fH! 


2 CeHipNNHe a (COOH): +2 H20 


According to BALANDIN AND VASKEVICH!? cyclohexanonehydrazone may react 
with water: 


Pe, CeHioNNHe +- H20 +2 CeH10H + Noe + NeHa4 


to give cyclohexanol, nitrogen and hydrazine; or, in the presence of catalysts: 


CeHioNNH2 — CeHi2 -b Ne 


to form cyclohexane and nitrogen. In the absence of catalysts and in the presence of 
cyclohexanone, cyclohexanonehydrazone may react as follows: 


CeHi00 + CeHioNNH: + CgHiopNNCe6Hio + H2O 


Some of these products, e.g. hydrazine, are reducing agents. 

In the pH range 7—10 acid decomposition products were formed requiring one 
equivalent of base for neutralization. As in the strongly alkaline range reducing 
agents were detected, but not oxalate ions. On the basis of these observations the 
following reaction is suggested for the decomposition of reagent I in the pH range 
7-10: 

| 


H | OH HO! 
CsHio = N—N= COH—CO—NH—N=CeHi0> bet /COH—CO—NH—N =C6Hi0+ 
\HIO/ 
H | OH I 


| 
CeHioNNH2 > CeHioNNHe + CeHio = N—NH—CO—COOH + H20 


The cyclohexanonehydrazone formed may react further as indicated above producing 


reducing agents. 
In acid solution — px about 3 — very little decomposition was found to take 


place. Neither reducing agents nor oxalate ions were detected. A yellow colour 
appeared, however, on standing, probably originating from a slight decomposition 


producing cyclohexanone. 
The rate of decomposition of reagent 1 in the pH range 7-10 and above pH Io 


was found to increase in the presence of copper(II) ions. 
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COMPLEX FORMATION OF COPPER WITH REAGENT I 


The decomposition of the copper(IT)—reagent 1 complex in solution made it difficult 
to employ the standard spectrophotometric and polarographic methods for elucidating 
the composition and stability of the complex. With reagent 2, however, the complex 
formed with copper(II) was stable, and for this complex the ligand—metal ratio of 
2:1 was found. Considering the structural similarity between the reagent I and the 
reagent 2 complexes it was deduced that a ligand—metal ratio of 2:1 was highly 
probable also for the blue complex. The following structure is therefore suggested 
for the complexes between copper(II) and the reagents 1 and 2. 


OROst 


Fig. 3. Suggested structure in solution of the copper(II) complexes with reagent 1 and 2. The: 
group marked R represents either CH3CH or CeH io. 


The decomposition of reagent I in the pH range 7—10 resulted in the formation of 
reducing agents which in turn may reduce the copper(II) ions. By polarography the 
presence of a colourless copper(I)—reagent 1 complex was indicated, but due to the 
instability of the system detailed investigations could not be carried out. As seen 
below a copper(I)—-reagent 2 complex with 2 ligands was found polarographically, 
and this number of ligands is also probable for the similar copper(I)—reagent I 
complex. { 

Finally, complexes between copper and reagent I may exist in the acid and_ 
strongly alkaline range. q 


INVESTIGATIONS OF REAGENT 2 AND THE COPPER—REAGENT 2 COMPLEXES : 


Solutions of the complex between copper(II) and reagent 2 were prepared by 
mixing known volumes of solutions of copper(II) ions, reagent 1, phosphate buffer 
(pH 8.0) and excess of acetaldehyde. The colour of the blue complex appeared ini- 


cyclohexanol by acetaldehyde was found to be complete as seen by the absorption 
sos of the complexes. The violet complex was found to be stable in the pa range 
—I0. 
The extinctions of solutions of the copper(II) reagent 2 complex increased rapidly 
after preparation and reached a maximum after about 48 h at room temperature, 
The extinctions were then constant for months. In the presence of ammonium ions 
the extinctions decreased slowly on standing. 
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The stability of the violet complex in solution made possible a determination of 
the composition by the method of continuous variation, and a distinct maximum 
was obtained for the ligand—metal ratio 2:1. The molar ratio method confirmed this 
composition. 

Qualitative experiments indicated that the violet complex had a stability con- 
stant intermediate between the copper(II)—ethylenediaminetetraacetate complex 
(log A = 16.2 at pH 8.0) and the copper(II) —cyanide complex (log K = 2 5). Attempts 
to calculate the stability constant from spectrophotometric data gave log K-values 
which were apparently too low (log K about ro). 

Current—voltage curves of the violet copper(II) complex exhibited three waves. 
The first wave corresponded to reduction of copper in the complex. The second and 
third wave were due to reduction of excess of acetaldehyde and of reagent 2, respec- 
tively. The irreversible reagent wave was partly overlapped by the acetaldehyde 
wave in solutions containing a large excess of the latter reagent. 

In ammonia—ammonium chloride buffer the halfwave potential of the copper 
wave in the complex was —0.30 V vs. SCE. Tetrammine-copper(II) ions in the same 
medium are reduced at a more positive potential. Consequently, it was possible to 
determine excess of copper in the presence of copper(II) complex. Polarograms of 
several solutions containing copper and different amounts of reagent 2 were recorded, 
and the diffusion current of tetrammine-copper(II) ions was plotted against the 
ligand—metal ratio of the solutions. The diffusion current of copper(II) decreased 
linearly with increasing amounts of reagent 2 and became equal to the residual 
current at the ligand—metal ratio 2:1 in accordance with the result obtained by 
spectrophotometry. 

Several polarograms of the complex in ammonia—ammonium chloride and phosphate 
buffers and with a varying excess of reagent 2 were recorded. In all solutions the 
plot of log z/ig—i vs. the potential of the copper wave showed a straight line with 
the slope 0.06 indicating a reversible one-electron reduction to a copper(I) complex. 
The halfwave potential was constant independent of the supporting electrolyte and 
of excess of reagent 2 showing a ligand—metal ratio of 2:1 also for the copper(I) 
complex. This complex is probably colourless, as it was not detected with the spectro- 
photometer. 

The possible structure of the copper(II)—reagent 2 complex is shown in Fig. 3 
(vide supra). 

The violet complex between copper(II) and reagent 2 has been found to be much 
more stable in the solutions examined than the corresponding blue complex, and 
it has a higher molar extinction coefficient, is easily prepared and is therefore to be 
recommended for spectrophotometric determination of copper. 
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SUMMARY 


The reagents bis-cyclohexanone-oxalyldihydrazone (reagent I) and bis-acetaldehyde-oxalyldihy- 
drazone (reagent 2) and their complexes with copper were examined by spectrophotometry and 
polarography. The investigations indicated that in solution reagent 1 existed in three tautomeric 
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forms depending of the px of the solvent. The decomposition of these forms was studied and 

decomposition schemes are suggested. In the pH range employed for spectrophotometric de- 

termination of copper (7-10), solutions of reagent 1 and the copper(II) —reagent I complex were 

found to be very unstable owing to the decomposition of the ligand. Solutions of reagent 2 and 

its complexes with copper were found to be much more stable. The investigations further indicated 
that both reagents form copper(II) complexes with ligand—metal ratios 2:1. In addition a colour- ! 
less copper(I)-reagent 2 complex with two ligands was found polarographically. The existence 
of a similar complex between copper(I) and reagent I is probable. 


RESUME 


Les auteurs ont effectué une étude spectrophotométrique et polarographique des complexes du | 
cuivre, obtenus avec les deux réactifs suivants: bis-cyclohexanone-oxalyldihydrazone (réactif 1) | 
et bis-acétaldéhyde-oxalyldihydrazone (réactif 2). Le réactif 1 peut exister sous trois formes | 
tautoméres, suivant le pH; les solutions du réactif 2 et de ses complexes avec le cuivre sont plus | 
stables que celles du réactif 1. 


ZUSAMMENFASSUNG 


Untersuchung iiber die Verwendung von Bis-cyclohexanon-oxalyl-dihydrazon (Reagenz 1) und | 
Bis-acetaldehyd-oxalyl-dihydrazon (Reagenz 2) zur spectrophotometrischen und polarographi- | 
schen Bestimmung von Kupfer. Reagenz 1 existiert in 3 tautomeren Formen in Abhangigkeit von | 
pu und Lésungsmittel. Es félgen Angaben iiber die Zusammensetzung der Komplexe und deren | 
Stabilitat. 
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Short Communications 


Determinations of stability constants 


The following method allows the determination of stability constants for complexes 
containing no more than two ligands, without the need to resort to graphical pro- 
cedures. In the particular case chosen, the concentration of the ion under investigation 
was determined potentiometrically. 

Solutions are said to be ‘‘corresponding’’ when they differ in Car (total concentra- 
tion of metal) and C; (total concentration of ligand) but have the same average ligand 
number, ”. It has been shown!, that if for two solutions the ratio metal :ligand is 
changed until the potential difference (Ej) due to the formation of complex is the 
same for both, the solutions are “‘corresponding’’. 


Eu = Eo—E 
(x + soft Cc 1D, cha M 
= —In a ee 
; nE x) (Es + =) on) 

RT Cn 
WE Mi 
Eo =e.m.f. of cell when no ligand has been added 
E =e.m.f. of cell after addition of ligand 


EF; includes the potential of the reference electrode, liquid junction potential, 
and activity coefficients. 


Cm/(M] can thus be determined for when the solutions are ‘‘corresponding’’. For 
corresponding solutions 


and thus ” can be determined. For a complex containing only two ligands 
[ML] 2[M] 
Cu Cu 


[M]/Cu and v are both known so that [ML] can be calculated. All the information 
required to calculate the stability constants /1 and #2 is now available. 

The above method was applied to the silver—pyridine system, the silver ion con- 
centration being determined by means of a silver—silver bromide electrode, the 
reference electrode being a calomel electrode. The following values were obtained at 
25°, the ionic strength of the solution being maintained at 0.1 by addition of the 
requisite amount of potassium nitrate: 


log B1 = 1.90 

log B2 = 4.25 
Newcastle University College, G. CuRTHOYS 
Tighe’s Hill, 2 N, N.S.W. (Australia) D. A. J. SWINKELS 


1 Sren AHRLAND, J. CHatr, N. R. Davies anv A. A. WILLIAMS, J. Chem. Soc., (1958) 264. 
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Elimination of aluminium interference in colorimetric determination 
of fluoride in water 


Aluminium and fluoride when present together in natural water form a complex of 
great stability which interferes in the colorimetric determination of fluoride by the 
zirconium —alizarin method. For this determination MEGREGIAN! used correction 
curves, implying the previous determination of aluminium. To avoid that determi- 
nation and eliminate the aluminium interference we have developed a separation by 
solvent extraction. 

Precipitation of aluminium 8-hydroxyquinolate in presence of ammonium ions has 
been reported to separate aluminium from phosphorus, arsenic, fluorine and boron?. 
According to GENTRY AND SHERRINGTON? a 1% solution of 8-hydroxyquinoline in 
chloroform gives complete extraction of aluminium from an aqueous layer. The chloro- 
form layer can be separated and its absorbance measured for aluminium. Studying 
the pH effect the same authors found that extraction is complete in two pH ranges: 
from 4.5-6.5 and from 8-11.5. 

It thus seemed possible to use 8-hydroxyquinoline in chloroform to separate alumi- 
nium from fluoride, both in trace concentrations. Natural water is first buffered at 
pH ro and then extracted, the aqueous layer being analysed for fluoride. The fluoride 
contents of many natural water samples showed good agreement with previous results 
and no effect of aluminium interference. 


Procedure 


Place in a 250-ml separatory funnel 25 ml of water with 1.2038 g of powdered 
ammonium chloride and 22.5 ml of r M ammonium hydroxide to buffer the solution — 
at pH 10. Dilute the volume to 50 ml with distilled water. Add 10 ml of a 1% solution 
of 8-hydroxyquinoline in chloroform and shake the funnel steadily for 6 min. Allow 
the layers to settle, and run off the organic layer. Then remove the aqueous layer toa 
100-ml stoppered flask, and adjust its pH to 5-7 with 1:1 hydrochloric acid. Fluoride 
is then colorimetrically determined by the zirconium -alizarin method. 


Commission for Studies of Nuclear Energy, M. C. MorEIRA DE ALMEIDA 
Instituto Superior Técnico, Lisbon (Portugal) CARLOS PULIDO- 


1 S. MEGREGIAN AND F. J. Mater, J. Am. Water Works Assoc., 44 (1952) 239. 

2 W. F. HILLeBRAND, G. E. F. LunpeEtt, H. A. BRIGHT AND J. 1. Horrman, Applied Inorganic 
Analysis, John Wiley and Sons, New York, 1953. . 

°C. H. R. Gentry ann L. G. SHERRINGTON, Analyst, 71 (1949) 432. 
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Book Review 


The Analysis of Titanium and its Alloys, 3rd ed., Imperial Chemical Industries Ltd., 
London, 1959, II9 pp., price 21 s. 


The appearance of a third edition of this book in less than three years indicates the 
importance of the subject under consideration and also of the usefulness and quality 
of this work. 

As in the previous editions, one or more reliable analytical procedures are described 
in detail for each of more than twenty-five elements which can be present in titanium 
alloys. Also included are sampling procedures for the various forms of titanium metal 
and a semi-quantitative spectrographic identification method. An additional chapter 
is devoted to the identification of titanium alloys by means of simple, non-destructive 
spot tests on the metal surface. 

Some of the earlier procedures have been modified or replaced by quicker or more 
convenient methods. An entirely new amperometric method for the determination 
of chlorine replaces the turbidimetric method. A procedure for determining boron, 
a more sensitive method for the analysis of nitrogen, an additional procedure for de- 
termining carbon, a differential absorptiometric procedure for the determination of 
large amounts of molybdenum and some others appear for the first time. 

This third edition is strongly recommended to all chemists with analytical problems 
involving titanium and its alloys. 

F. VERBEEK (Ghent) 
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THE GORDON RESEARCH CONFERENCES 


12 June—1 September 1961 


The Gordon Research Conferences for 1961 will be held from 12 June to 1 September 
at Colby Junior College, New London, New Hampshire; New Hampton School, New 
Hampton, New Hampshire; Kimball Union Academy, Meriden, New Hampshire; and 
Tilton School, Tilton, New Hampshire. 

Purpose. The conferences were established to stimulate research in universities, 
research foundations and industrial laboratories. This purpose is achieved by an 
informal type of meeting consisting of scheduled lectures and discussion groups. 

It is hoped that each conference will extend the frontiers of science by fostering 
a free and informal exchange of ideas among persons actively interested in the 
subjects under discussion. The purpose of the program is to bring experts up to date 
on the latest developments, to analyze the significance of these developments and 
to provoke suggestions concerning the underlying theories and profitable methods 
of approach for making progress. The review of known information is not desired. 

Registration and reservations. Attendance at the Conferences is by application. 
Individuals interested are requested to send their applications to the Director at 
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least two months prior to the date of the Conference. All applications must be submitted 
in duplicate on the standard application form which may be obtained by writing to the 
office of the Director. This procedure is important because certain specific information 
is required in order that a fair and equitable decision on the application may be made. 
Attendance at each Conference is limited to approximately 100 conferees. : 

The Board of Trustees of the Conferences has established a fixed fee of $100 for 
resident conferees at each Conference. The fixed fee will cover registration, room 
(except room with private bath or single room), meals and gratuities. Conferees living 
at the Conference location who will pay all or part of the fixed fee as a personal 
expense may request a reduction of $25 in the fixed fee. Application for this special 
fee ($75) must be made when the registration card is returned to the Director. 

Limited accommodation is available for wives and families. 

Attendance. Requests for attendance at the conferences, or for additional infor- 
mation, should be addressed to W. GEORGE Parks, Director, Department of Chem- 
istry, University of Rhode Island, Kingston, Rhode Island. From 12 June to 
September 1961 mail for the office of the Director should be addressed to Colby 
Junior College, New London, New Hampshire. 


The program of the Analytical Chemistry Conference which will be held on 14-18 
August 1g61 at New Hampton School, New Hampton, N.H., with SIDNEY SIGGIA 
as Chairman, and DonaLp D. DEForp as Vice-Chairman, is as follows: 


C. B. Murpnuy, Differential Thermal Analysis. 
. J. FRAADE, Continuous Analysis. 


15 Aug. 
I. FANKUCHEN, The Application of X-Rays to Structure Determination of Organic Materials. 
L. S. Brrxs, The Electron Probe. 

16 Aug. 
H. Fiscupacu, J. W. Cook, L. L. Ramsey, Analysis and Food and Drug Regulations. 
W. W. Bates, Analysis and Composition of Tobacco Smoke. 


17 Aug. 
J. E. Loverock, Electron Affinity Spectroscopy. 
Open Session. 


18 Aug. 
G. A. Hartow, New Developments in the Determination of Acids and Bases. 


Other conferences will be held on Petroleum, Catalysis, Polymers, Textiles, Elas- 
tomers, Corrosion, Medicinal Chemistry, Separation and Purification, Instrumen- 
tation, Food and Nutrition, Cancer, Chemistry of Coal, Chemistry and Physics of 
Liquids, Proteins, Scientific Information Problems, Magnetic Resonance, Radiation 
Chemistry, Organic Reactions, Steroids and other Natural Products, Statistics in 
Chemistry and Chemical Engineering, Inorganic Chemistry, Adhesion, Lipid Metab- 
olism, Cell Structure and Metabolism, Physical Metallurgy, Vitamins and Metab- 
olism, Chemistry etc. of Bones and Teeth, Organic Coatings, Chemistry at Interfaces, 
Solid State Studies in Ceramics, Toxicology and Safety, Chemistry and Physics of 
Solids, Photonuclear Reactions, High Temperature Chemistry, lon Exchange, Chem- 
istry and Metallurgy of Semiconductors, Microbiological Deterioration, Biochemis- 
try and Agriculture, Electrodeposition, Glass. 
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JOINT CONFERENCES 
NUCLEAR REACTOR CHEMISTRY 
ANALYTICAL CHEMISTRY IN NUCLEAR REACTOR TECHNOLOGY 


The Second Conference on Nuclear Reactor Chemistry and the Fifth Conference on 
Analytical Chemistry in Nuclear Reactor Technology will be held at Gatlinburg, 
Tenn. (U.S.A.), on October ro, rz and 12, 1961, under the sponsorship of Oak Ridge 
National Laboratory which is operated by Union Carbide Corporation for the U.S. 
Atomic Energy Commission. 


Second Conference on Nuclear Reactor Chemistry. The chemical behavior of reactor 
materials will be emphasized at this conference. Subjects for discussion include: 
chemical behavior of moderator and coolant materials and the effects of nuclear 
radiation on their properties; deportment of fission products in reactor fuels; develop- 
ment of reactor fuel and blanket materials; the application of statistical methods and 
computer calculations in planning and evaluation of experiments. Papers on these 
and other topics of interest to reactor chemists will be welcomed. 


Fifth Conference on Analytical Chemistry in.Nuclear Reactor Technology. This confer- 
ence will be devoted to improved methods and instruments for the analysis of many 
nuclear materials and products. Papers are especially solicited on the following or 
related subjects: measurements of burn-up of uranium or plutonium fuels; isotopic 
analysis; determination of gases in reactor materials; methods and instruments for 
on-line analyses; remote analysis of radioactive materials; non-destructive testing of 
nuclear fuel elements and other reactor materials; analysis of (a) Be, BeO, cermets 
containing BeO, (0) Zr and Nb alloys, (c) heavy water, (d) plutonium and plutonium- 
base fuels. 


In addition to papers setting forth specific achievements, review papers critically 
evaluating the state of the art with respect to any of the foregoing subjects are solicited. 

Authors are requested to submit an abstract of 200 to 400 words of their paper, not 
later than July 15, 1961, and, at the same time, to indicate the time required for the 
presentation, not to exceed 20 minutes. 

Proceedings of these conferences are to be published. Manuscripts of papers for 
publication should be submitted prior to or at the time of the conferences. 

Abstracts of papers and inquiries regarding these conferences should be directed 
to the Oak Ridge National Laboratory, P. O. Box X, Oak Ridge, Tenn. (U.S.A.), 
Attention: 


W. R. Grimes for Nuclear Reactor Chemistry 
and 


C. D. Susano for Analytical Chemistry 


Inquiries concerning lodging or requests for reservations should be directed to: 
Reservation Services, Chamber of Commerce, Gatlinburg, Tenn. (U.S.A.). 
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——,, precision null-point ——, “musea 
nation of iodide, (MALMstapr, 
WINEFORDNER) . 


, of sulphanilamides with alkyl nitrites, 


(MatHuR, Rao, KaCHHAWAHA) . 
Quinine, thermogravimetry, (BERLIN, 
ROBINSON) . 


Radiochemistry, macrocheniicall methods 
in , (Monk, HERRINGTON) 
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152 
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, of Co with Se ee 
(VAN ERKELENS) . iezige 

Radio- frequency methods, location of ion 
zones in paper chromatography, 
(BROOMHEAD, Gipson). 

Radiotracer, preparation of high specific 
activity 125Sn , (WINCHESTER) 

Rare earths, infrared spectra of chelates 
with 4- ahh ee a ao 
(FENG FERNANDO) 

y-Ray spectrometry, cooling time 3 in ‘acti- 
vation analysis, (OKADA) . 

Reinecke’s acid, in spectrophotometry 
of nitrogenous as bases, (Kum- 
TAT) : : 

Rhodamine B, conponted of 
gallate, (CULKIN, RILEY) . 

Rubidium, thermogravimetry, 
ROBINSON) . 

Schoenberg’s reagent, infrared spectrum, 
reaction with elemental S, (NEELY, 
WILLIAMS) . 

Selenium, spot test, (FEIGL) : 

Sodium citrate, assay by cation- -exchange, 
titrimetry, (RICHARDSON) ; 

Sodium potassium tartrate, assay by cat- 

, ion exchange, titrimetry, (RICHARD- 
SON). 

Solvent extraction, of In and Ti in ‘silicate 

rocks, (BRooKs) : 

, of In oxinate, (SCHWEITZER, Cor) 


chloro- 


(BERLIN, 


Spectrophotometer, Unicam SP 600, in 
micro-titration, (MonK, HERRING- 
TON) 


Spectrophotometry, of Al with stilbazo, 


(WETLESEN, OMANG) 
—., of aldehydes and ketones, (ALT- 
SHULLER, COHEN) . oe Sak 
, atomic absorption ; determina- 


tion of Pb, (ELWELL, GIDLEY) 

, of B with thionin derivatives, 
(PAsztor, BODE) . it tae, 

, of Be—thorin complex, (ATHAVALE, 
PADMANABHA IYER, TILLU AND 
VAIDYA) . : 

, of Co, (VOGEL, Monnier, HAERDI) . 

, of Cuin non-ferrous alloys, (LINDEyY) 

end-point determination in micro- 

titration, (MONK, HERRINGTON) . 

, of Ga(III) with rhodamine B, 
(CULKIN, RILEY) 

——, micro-determination of a in ce- 
ments, (HAERDI, VOGEL, MONNIER) 

, of Nb with ascorbic acid, ieskest 
KKORKISCH) . 

, of nitrogenous organic bases i in mix- 
tures with ammonium reineckate, 
(Kum-TatTtT) : 

, of Pd(II) with 5-(p- diethylene: 


depen abierl (AYRES, 
NARANG). . ihaore 

, of starch in wood, ‘(HumPRREYs, 

KELLY) : i+ Fru 

Spectroscopy, atomic absorption , de- 
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“ear 


66 


600 


termination of Pb in gasoline, (Ro- 
BINSON) 
Spot test, for benzylamine: and p- -nitrobenz- 
aldehyde, (FEIGL, ANGER) 
, for Se, (FEIGL) ; 
Stability constants, determination, (Cur- 
THOYS, SWINKELS) 


in 


Starch, spectrophotometry of 
wood, (HUMPHREYS, KELLY) . 
Steel, ion-exchange resins in analysis, 


(HALL, Bryson) : 

Stilbazo, in spectrophotometry ‘of Al, 
(WETLESEN, OMANG) : 
Strontium, colorimetry with 5- -nitrobarbi- 
turic acid, (PaLtouS, KHARNAU- 

CHOFF, MIZERA). 

, ion-exchange separation from metals, 
(MayumnaR, DE). . . 

Strychnine, isolation from putrified human 
livers, (KtuM-TaTT) 

Sulfhydryl, amperometric argentimetric 
and mercurimetric titration, (IKOLT- 
HOFF, EISENSTADTER) . : 

Sulphanilamides, potentiometry with alkyl 
nitrites, (MaTHUR, Rao, KacHHa- 
WAHA). 

Sulphate, determination of i inorganic 
in synthetic detergents, (VAN Kamp, 
VAN DEN HONDEL) . ; 

Sulphur, reaction of Schoenberg’s reagent 
with elemental , (NEELY, 
WILLIAMS) . 

Sulphuric acid, titration of ‘persulphate 
with permanganate in solu- 
tions, (GUPTA) : 

Tantalum, infrared spectra of some 
phosphates, (HAIDLER) 

, separation from Nb with N- -benzoyl- 
N-phenylhydroxylamine, (Majum- 
DAR, Pat) i 

——, turbidimetry with ‘phenylarsonic 
acid, (SAINT-JAMES, LECOMTE) 

Tartaric acid, potentiometry with lead- 
tetra-acetate, (BERKA) . 

Tartrate, in chromatographic separation of 
metal ions, (SINGH, DEy) . . 

Tellurium, Ce(IV) oxidimetry, Ag(I) -Mn- 
(II) perchlorate as catalyst, (GuIL- 
BAULT, McCurDy) 

Thallium, determination in silicate rocks, 
solvent extraction and spectrochem- 
ical technique, (BROOKS) . 

Thermal analysis, impurity determination 
by , (VAN Wijk, Smit) 
Thermolysis, of barbituric acid and some 
derivatives, (BERLIN, TayLor, Ro- 

BINSON) . 

Thermolysis curves, . ery 319, 427, 

Thermogravimetry, determination of 
ethylenediamine and quinine with 


tole ee 
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dilituric acid, (BERLIN, RoBINSON) 
, of diliturates of transition metals and 
of Cu, Zn, Cd, NH4 and Rb, (BrErR- 
LIN, ROBINSON) . by rise papers Sea 
, of Mg, K and Pb, Putionises ROBIN- 
SON). 

Thionin desiveatiness in See ao 
spectrophotometry of B, (PAszTor, 
BoDE) . 

Thorin, determination of Bei in 1 alloys with 
EDTA and , (ATHAVALE, Pap- 
MANABHA IYER, TiLLu AND VAIDYA) 

Thorium, determination using some car- 
boxylic acids, (BHEEMASANKARA 
Rao, UMaPpaTHI, VENKATESWARLU) 

Tin, preparation of high specific activity 
125Sn radiotracer, (WINCHESTER) 

Transition metals, PheHnOera Eran 
(BERLIN, ROBINSON) 3 

Triphenylmethylarsoniumchloride, in col- 
orimetry of Ni, (CAMERON, Gipson) 

Triphenyl-tin-acetate, polarography of 

as fungicide residues, (NANG- 
NIOT, MARTENS) : 

Tungsten, separation from Vv with “B- 
naphthoquinoline, (CLAEYsS) 4 

Uranium, colorimetry with 1-phenyl-3- 
methyl-4-(3’-carboxy-4’-hydroxy- 
phenyl-azo) SB aCe (Batu- 
LESCU, CIUREA) . 

——, determination of 235) in fuel ele- 
ments, (WEBSTER, DANCE, SLEE) 

Uranium(IV), complexometry with Solo- 
chrome Black 6BN as indicator, 
(IXORKISCH) 

Vanadium, separation of w from 
with B-naphthoquinoline, (CLAEYs) 

Variamine blue, in determination of phos- 
phate with lead nitrate, (GREGORO- 
wicz, MazoNsKA, PRAJSNAR) . 2 

Violuric acid, thermolysis of and 1,3- 
dimethyl ; eet TAYLOR, 
ROBINSON) . 

Voltammetry, determination | of antioxi- 
dants at wax-impregnated graphite 
electrode, (BARENDRECHT) . 

Wood preservatives, determination of Cy 

(EDGE) st 

spectrophotometry of 

(HUMPHREYS, KELLY) . 

Yttrium, kinetics of decomposition of oxa- 
late, (AGARWALA, Naik) . 

Zinc, thermogravimetry, (BERLIN, RoBIN- 
SON). 

Zirconium, kinetics of decomposition of 

oxalate, (AGARWALA, NaIk) . 
——.,, separation from Ba, Sr, Cd, Cs, Mo 
and Pb, (KHopKaR, DE)... . 

, separation of Co, (VOGEL, Monnier, 

HAERDI) . 
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1 SECOND IN 6 YEARS corresponds to a Standard Deviation 
of 1 microgramme on a 200g balance. Such is the remarkable accuracy 
attained on a Stanton High Precision balance. That’s why 
the laboratories in 5 continents, charged with maintaining the 
world standards of mass, turn to Stanton for their precision 

balances and weights. 


That is why the 


SAN ae) 
THERMO RECORDING BALANCE 


has achieved its success 


The THERMO-BALANCE automatically re- 
cords weight, time and temperature 
changes. Air-damped, suitable for total 
load of 50g; may be supplied with sensi- 
tivity of Img or 1/10mg. Standard furnace 
(illustrated) suitable for 1000°C, but alter- 
native furnaces for both high and low 
temperatures can be made. Once set, the 
Thermo-Balance will reproduce and record 
weight changes, time and temperature for 
periods up to several days. 


FULLY DESCRIPTIVE LEAFLET AVAILABLE 


g STANTON Thermo-recording Balances 


Regd. 
Trade Mark 


STANTON INSTRUMENTS LTD - 119 OXFORD STREET - LONDON W.1I 
Telephone: Gerrard 7533 -. Cables: Stanbal London 
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CHROMATOGRAPHIC 
REVIEWS VOLUME 3 


covering 1960 


Edited by M. LEDERER 


Istituto di Chimica Generale ed Inorganica, Rome 


612 x 912" approx. 192 pages 32 tables 71 illustrations 1961 


CONTENTS: 


A. Reviews from the Journal of Chromatography: 


MULTIPLE ZONES AND SPOTS IN CHROMATOGRAPHY 
R. A. Keller and J. C. Giddings 


STARCH ELECTROPHORESIS. II. STARCH COLUMN ELECTROPHORESIS 
Ill. STARCH GEL ELECTROPHORESIS 
H. Bloemendal ; 


CONTINUOUS ELECTROPHORESIS AND TWO-DIMENSIONAL ELECTRO- 
CHROMATOGRAPHY (appearing in English for the first time) 

Z. Pucar 3 
SUPPLEMENTARY DATA FOR THE PAPER-CHROMATOGRAPHIC SEPARATION 
AND IDENTIFICATION OF PHENOL DERIVATIVES AND RELATED COM- 


POUNDS OF BIOCHEMICAL INTEREST, USING A “REFERENCE SYSTEM” 
L. Reio 


CHROMATOGRAPHY OF LIPIDS ON SILICIC ACID 
J. J. Wren 


B. Reviews published here for the first time: 


INORGANIC PAPER CHROMATOGRAPHY - A PROGRESS REPORT 
M. Lederer 


A COMPREHENSIVE BIBLIOGRAPHY OF RECENT SEPARATIONS OF IN- 
ORGANIC IONS BY ELECTROMIGRATION IN PAPER 
R. A. Bailey and L. Yaffe 


From reviews of the first two volumes: 


Volume 1: Volume 2: 
“One may have no hesitation, therefore, in recom- “|... maintains the auality of production typical of 
mending this volume as a useful acquisition to the Elsevier publications (and) will be invaluable to all 
bookshelf of any research chemist.” chemists and biochemists.”’ 
LABORATORY PRACTICE JOURNAL OF THE ROYAL INSTITUTE OF CHEMISTRY 
“It constitutes an invaluable reference book.” Z P 3 z 
THE ANALYST “This second volume is full of interest, is up to 


date and maintains the high standards of its pre- 
“Workers in this field are indeed fortunate that their decessor. 
interests are being so well catered for.” 


SCIENCE PROGRESS 


NATURE 
“Dans le deuxiéme volume se retrouvent les qualités 


“A most useful contribution to the literature of que nous avions déja signalées G propos du premier 
chromatographic and related methods.”’ volume (clarté, richesse de la documentation .. .). 


NATURE BULL. DE LA SOC. CHIM. DE FRANCE 


ELSEVIER PUBLISHING COMPANY 
AMSTERDAM 
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a22@xpert knowledge in compact formas: 


Gas Chromatography 


517 


E. BAYER 
Institute of Organic Chemistry, Technical University, Karlsruhe (Germany) 
STR xii + 240 pages 28 tables 88 illus. 420 refs. 1961 


Although compact, this monograph contains sufficient detail to be valuable 
both as a general laboratory manual and as a work to which reference 
may be made when specific problems arise. Particular attention has been 
paid to a comprehensive account of applications while the apparatus used 
is described in detail. : 

There are over 400 literature references and the appendix contains tables 
of retention volumes (over 2000) and selectivity coefficients. 


CONTENTS: 

1, Introduction. 2. Theoretical Treatment. 3. Separatory Columns for Gas 
Chromatography. 4. Apparatus for Gas Chromatography. 5. Practical Ap- 
plications of Gas Chromatography. 6. Design and Mode of Action of 
Detectors. 


ELSEVIER PUBLISHING COMPANY 


SPUISTRAAT 110-112 AMSTERDAM 
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BIOCHIMICA 


et 


BIOPHYSICA ACTA 


An Important Announcement 


It has been decided to produce two series of specialised issues of Bio- 
chimica et Biophysica Acta. One of these series contains all papers in the 
field of nucleic acid research while the other is devoted to papers of 
enzymological interest. 

In 1961 four issues will appear in both of these series and each issue will 
contain at least 200 pages + indexes. 

Full subscribers to Biochimica et Biophysica Acta will, of course, auto- 
matically receive the specialised issues but it is now possible to subscribe 
separately to each or both of the specialised series for private use. The 
volume and issue numbers and the subscription prices are given below: 


Nucleic Acid issues Vol. 47 No. 1 Vol. 49 No. 1 Vol. 51 No. 1 Vol. 53 No. 
Enzymology issues Vol. 48 No. 1 Vol. 50 No. 1 Vol. 52 No. 1 Vol. 54 No. 


Subscription Price: $5.50 40s. Dfl.21,— per issue 


As a further service to scientists we now publish “BIOCHIMICA ET BIOPHYSICA 
ACTA PREVIEWS”. The PREVIEWS will appear every four weeks and will contain 
definitive summaries of forthcoming full-length papers (about 4 months before their 
appearance in the Journal) and titles of Short Communications and Preliminary Notes. 
It is hoped that readers will be able to form from these issues a clear picture of what 
is to be published during the ensuing four or five months, so that duplication of research 
effort may be avoided. 

Full subscribers to B.B.A. will receive the B.B.A. PREVIEWS without extra charge. 
They will however be separately available for a subscription of 


$ 10.00 70s. Dfl. 36,— per year 


There will be 13 issues each year totalling about 600 pages 


C 


ELSEVIER PUBLISHING COMPANY 
AMSTERDAM 
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A New Edition 
of the 


BDH 


Laboratory Chemicals Catalogue 


This edition of the B.D.H. Laboratory Chemicals catalogue con- 
tains many more specifications for laboratory reagents other than 
‘ANALAR’ and ‘M.A.R.’ materials, and it includes many sub- 
stances of biochemical interest that have not appeared before. 
The catalogue lists between six and seven thousand products, all 
specifically prepared or specially selected for laboratory use and 
capable of being used with complete confidence for all normal 
applications in analysis and general research. 

Assays, physical criteria of purity and maximum limits of im- 
purities are stated conservatively in the published specifications. 
The Poole analytical laboratory takes care that every product is 
of the highest practicable quality whether a specification is pub- 
lished for it or not, but the number of reagents in everyday use to 
which a specification is not attached is becoming relatively few. 
Densities are quoted for all liquid chemicals supplied by volume. 

Section 3 of the catalogue, formerly limited to amino acids, 
contains extended reference lists of other biochemical materials 
grouped for convenience in their various classes of carbohydrates, 
lipids, proteins, steroids, etc. In respect of the last-mentioned, 
B.D.H. has manufactured sex hormones since their introduction 
into medical practice; its close interest in the steroids has been 
reflected in a substantial research effort in steroid biochemistry, 
and the wide range of steroids offered will be noted. 

Professional users and established laboratories not already on 
our mailing list may obtain a copy of the B.D.H. Laboratory 
Chemicals Catalogue on request. 


The British Drug Houses Ltd. 


B.D.H. LABORATORY CHEMICALS DIVISION 
POOLE ENGLAND 


282 


chemicals for science 


THE H & W RANGE is comprehensive 
and up-to-date. Everyday needs of 
research and analysis are covered 
by ‘ANALAR’ and G.P.R. (General 
Purpose Reagent) Chemicals. 

The following are selected titles from 
23 special purpose ranges detailed in our 
1960 Catalogue— 

Organic Reagents for Metals 
*P.V.S.’ Reagents — Purified for 
Volumetric Standardisation. 
*M.F.C.’ Materials for Chromato- 
graphy. 

*Spectrosol’? Solvents—to meet 
the special requirements of absorp- 
tion spectroscopy. 

Metal Indicators for complexo- 
metric titrations. 

S‘REVECTOR?’ Microscopical Stains. 


Technical literature is available 
on many of these specialities. 


FINE CHEMICALS 


for research, analysis and ‘industry 


HOPKIN & WILLIAMS LTD., CHADWELL HEATH, 


Branches: London, Manchester, Glasgow 
TAS/HW.11 


ESSEX, ENGLAND 
Agents throughout the U.K, and all over the world 


“ 
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